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ABSTRACT 


Salinity of the soil and water is one of the principal environmental elements that might influence the soil proprieties, 
crop production, distribution plant pathogens and their associated diseases. In addition to preventing plant growth and 
development, salinity also has an impact on antagonistic and pathogenic of numerous fungi. In addition to its direct 
effects on crops, salinity has been a significant problem that causes additional damage by enhancing the predisposition 
of plants to biotic diseases. However, salinity may either a potential antifungal agent by reducing mycelia growth, 
sporulation and conidial germination or increases the virulence of diseases by promoting the production of enzymatic 
activities including cellulase, pectin lyase, and polygalacturonase by the microorganisms. The effect of this 
environmentally agent on the growth and reproductive parameters differs between species, either directly or indirectly. 
There are numerous fungal species that can grow in situations with high salt concentrations; the majority of them are 
halotolerant, but there are also some halophilic species that can only flourish in salty conditions. The aim of this 
review is to characterize behavior fungal regarding salinity, in order to develop an integrated pest management 
strategy that incorporates biological, chemical, and cultural control approaches for disease management, economical 
effective, and extremely appealing for better crop quality and environmental sustainability in these salinity-related 


conditions. 


Key words: Antimicrobial, Disease management, Osmotic stress, Plant diseases, Salt stress, Yield 


INTRODUCTION 


Saline and sodic soils are a global problem, occur in 
over 100 countries and under almost all climatic areas 
(Zewdu et al. 2017), but their distribution is relatively 
more extensive inthe areas that are dry and semi-dry. In 
terms of agricultural production, food security, and 
sustainability, soil salinization and sodification are the 
two main processes that degrade soil globally. 
Approximately, 833 million acres of agricultural land 
worldwide have been impacted by soil salinity (Zaman et 
al., 2018). 33 percent of irrigated lands and 20% of 
agricultural lands worldwide are affected by salt (Machado 
and Serralheiro, 2017). Parent soil constitution or poor 
agricultural methods can both contribute to soil salinity, 
which is referred when referring to primary and secondary 


soil salinity, respectively (Zaman et al. 2018). Salt-affected 
the soil functions, including, physical, chemical, and 
biological properties. 

Salinity, which is an inhibiting factor for the growth 
and development of plants, may cause, in certain horizons 
of the soil, due to the high concentration associated with 
the precipitation of soluble salts, a great change of fungal 
diversity. A variety of morphological, physiological, 
biochemical, and molecular changes brought on by poor 
irrigation water that produces very saline soil, have a 
negative impact on fungal growth and cause a change in 
their lifestyle. The major impacts of excessive salinity are 
ion disequilibrium, which result in secondary effects such 
hyperosmotic stress (Zhu, 2001). High salinity affects 
plants in several ways: stomatal closure, cell division and 
cell growth were all prevented, alteration of metabolic 
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processes, membrane disorganization, resulting in 
decreased plant growth, crop yields and low economic 
returns (Munns, 2005; Parida and Das, 2005). 

Salinity of the soil and water not only prevents the 
development and growth of plants, but also has an impact 
on associative, competitive, mutualistic, or antagonistic 
and pathogenic of microbial. Numerous microorganisms 
harm plants in a variety of ways, which ultimately yields a 
small amount and, consequently, poor economic worth. 
Furthermore, a few environmental elements, including 
salinity, temperature, humidity, drought, and nutrients, 
which further to exacerbate diseases caused by fungi. 
Previous studies showed that salt in the soil and water 
affects plant growth and makes plants more susceptible to 
certain phytopathogens (Egamberdieva and Jabborova, 
2013). 

Although only a few numbers of fungi are thought to 
be obligate halophiles, some others may grow more 
effectively in the presence of salt, giving them an 
advantage over species that are less salt-tolerant (Biango- 
Daniels and Hodge 2018). For exemple, Aspergillus, 
Talaromyces, Penicillium, and Trichoderma, for instance, 
are terrestrial fungus that have adapted to marine settings 
(Damare et al., 2006). The effect of salinity against 
microorganisms was reported earlier (Boumaaza et al., 


2015; Regragui and Lahlou, 2005; Swiecki and 
MacDonald, 1991). 
Pathogens halophilesto salts 

Halophiles are generally understood to be 


microorganisms that can only grow in salty conditions 
(Larsen, 1986). The classification of halophilic microbes 
includes slight (growth optimal at 3%), moderate (3-15 
%), and extreme (25 %, but unable to thrive at less than 
12% NaCl) (Kushiner, 1978). Studies of fungal 
population’s halophiles habitats on different continents 
have shown the frequent and prolific prevalence of several 
fungi (Gunde-Cimerman et al., 2000). There have been 
several reports of fungi from halophiles environments, 
including Aspergillus,  Alternaria, Aureobasidium, 
Cladosporium, Penicillium, and Hortaea (Jaouani et al. 
2014, Mokhtarnejad ef a/. 2016). 

The so-called black yeasts are the most prevalent 
fungus species in the salterns' hypersaline habitats 
(Gunde-Cimerman et al., 2004). The exceptional abilities 
of these shady funguses with melanized cell walls allow 
them to withstand stressful situations, and many of them 
are polyextremotolerant. G. marismortui, which is 
characterized as a novel species, as well as P. westlingii 
and U. chlamydosporum were isolated from samples of 
Dead Sea. (Deuteromycota). On medium with up to 50% 
Dead Sea water, G. marismortui and U. chlamydosporum 
thrived. It was discovered that obligatehalophile G. 
marismortui thrives best at 0.5-2 M NaCl. Isolated 
cultures grew on agar used with 50% Dead Sea water 
rather than on agar media without salt. This implies that 
they might have developed a tolerance for the highly 
harsh hypersaline Dead Sea environment (Buchalo et al., 
1998). 

These fungi can maintain a stable osmotic pressure in 
their surroundings by retaining less intercellular salt and 
collecting compatible solutes like glycerol (Gostinéar et 
al. 2011). Stress is detected by halotolerant and halophilic 
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organisms via the pathway of high osmolarity glycerol 
signaling (Gostinéar et al. 2011), for the maintenance of 
cellular osmotic equilibrium (Hohmann 2009). 
Additionally, fungi may produce _ extracellular 
polysaccharides to coat their cells or thicken their cell 
walls as passive stress tolerance mechanisms (Kuncic et 
al. 2010). Less consideration has been given to fungus 
reactions to high levels of other chaotropic and 
kosmotropic salts. These salts can only decrease the 
amount of water that is biologically available, produce 
toxicity when particular cations enter cells, and change 
how cellular macromolecules interact. The kosmotropic 
salts react in the opposite direction to the chaotropic salts, 
which weaken electrostatic connections and destabilize 
macromolecules (Oren 2013). Therefore, the presence of 
kosmotropic ions can somewhat offset the chaotropic 
effects of magnesium and calcium (Williams and 
Hallsworth 2009). An illustration, only a few number of 
halophilic Archaea spp. can survive in conditions with 
high NaCl (Oren e¢ al. 1995). 


Pathogens tolerant to salts 

Microorganisms that can tolerate salt can live in 
saline conditions but survive without sodium chloride. 
Microorganisms that can flourish in saline settings 
exceeding 15% NaCl are referred described as being 
extremely halotolerant (Kushiner, 1978). 

Many pathogens are tolerant to salts in culture, 
including certain oomycetes that resemble fungi. Research 
on the impact of salinity on fungus have shown that 
varying levels of salinity tolerance exist among P. 
ultimum (Hassan and Fadl-Allah, 1993), F. oxysporum 
(Ragazzi and Vecchio 1992), P. aphanidermatum 
(Rasmussen and Stanghellini, 1988), P. parasitica (Blaker 
and MacDonald, 1985), Penicillium (Tresner and Hayes, 
1971), P. arrhenomanes var. canadensis (Machacek, 
1936). Boumaaza et al., (2015), also reported that six 
isolates of Botrytis cinerea obtained from various tomato 
genotypes, and all of the isolates examined were 
stimulated in 50 to 150 ppm of NaCl. These reports are in 
agreement with findings of Laxmi et al. (2013) showed 
that five isolates of Trichoderma harzianum could 
proliferate and sporulate in media with upwards to 
240mM NaCl were chosen to be salinity tolerant under 
laboratory conditions. Previous research revealed that 
Phytophthora isolates from salty soils were much more 
resistant to salt than isolates from non-salty soils 
(Duniway, 1979). Different tolerances to salt stress, as 
described for Phytophthora isolates, may be the cause of 
different responses to salinity (Blaker and MacDonald, 
1985). According to Gour et al. (1990), Fusarium attack 
leads to plant wilting and yellowing under high salt levels, 
while F. oxysporum, the primary cause of chickpea wilt, 
tolerates high salt concentrations. It was also looked into 
if plants could grow in salty environments. Under saline 
conditions, Fusarium sp. F092 growth accelerated by 
about 20%. F092 was able to survive and develop because 
it responded to salt stress by expressing a number of 
different genes and biochemical pathways (Hidayat et al., 
2012). In salter brines, Aspergillus and Penicillium 
species are frequently seen. For example, the Cabo Rojo 
saltern's salt pond water was used to isolate nine 
halotolerant Aspergillus and five halotolerant Penicillium 


species (Cantrell et al., 2006). Additionally, 
Cladosporium sp. was identified in media containing 50% 
sugar or a Salt-and-sugar mixture, which indicates low 
water activity conditions (Gunde-Cimerman et al., 2000). 
Fungi must resist osmotic and salt stress in reaction to 
high salinity in order to live in salt stress (Gunde- 
Cimerman et al., 2018). 

In order to keep intracellular sodium ion under toxic 
levels when growing in saltwater medium, fungi 
accumulate compatible solutes in the cytosol. (Hohmann, 
2002). According to Zajc et al. (2014), glycerol is the 
most significant compatible solute, and glycerol-3- 
phosphate dehydrogenase regulates glycerol production 
(Lenassi et al., 2011). 

Second, fungus tolerant to salts is ability to respond 
to salinity stress is correlated with cell wall structure and 
melanization. In hypersaline environments, melanization 
of cell walls reduces their glycerol permeability and aids 
in the intracellular retention of glycerol (Kogej et al., 2007). 

Thirdly, a salt adaptation strategy involves 
maintaining ion homeostasis utilizing a variety of metal 
cation transporters. Debaryomyces hansenii is the 
halotolerant fungal species that has been examined the 
most in terms of ion homeostasis. According to early 
studies on marine yeast, K*/Na* fluxes play a role in this 
process and D. hansenii is the species that is least affected 
by high sodium chloride levels (Norkrans and Kylin 
1969). Later, numerous investigations revealed that D. 
hansenii is not poisonous to Na* and that when NaCl is 
present, compared to S. cerevisiae, D. hansenii develops 
more positively and collects more Na+ (Gonzalez- 
Hernandez et al. 2004). 


NaCl's effect on mycelial development 

The mycelial growth of the fungus was greatly 
accelerated by a number of salts, including potassium 
(such as CH3CO2K, KCl, KNO3 and K2HPOs), NaCl, 
Na2SOu, and Na3PO, (Tiirkkan 2013). Moreover, many 
studies demonstrated that sodium chloride enhanced the 
mycelial growth of numerous funguses. In a related 
context, Boumaaza et al. (2015); Regragui and Lahlou 
(2005) and Sanogo (2004) illustrated that using sodium 
chloride, increase mycelium growth with various NaCl 
concentrations respectively on V. albo-atrum, P.capsici 
and B. cinerea. Notably, Boumaaza et al. (2015) found 
that this growth stimulation only occurred at values lower 
than 0.3 g/L. A negative connection between mycelium 
production and NaCl content was seen above this cutoff 
point. With increase in salinity level, Phytophthora 
capsici's mycelial dry weight increased by 8 to 16%, and 
the radial growth of the mycelium was accelerated by 5 to 
30 % (Sanogo, 2004). Matsuda et al. (2006) reported that 
P. tinctorius hyphal growth at 25 mM NaCl was 
noticeably greater than that at the other NaCl levels (50, 
200, 500, and 1000mM) and ECS0 values were confirmed 
at concentrations of 50 to 200 mM. Recently, Wang et al. 
(2020) found that media containing different 
concentrations of NaCl (0-80 g/L) increase mycelium 
growth of A. ochraceus and P. nordicum, and the colony's 
diameter was maximum at a salt level of 40 
g/L.According to research by Tarroum et al., (2021) the 
isolates, C. globosum, A. tenuissima, C. foveolata, 
P.melinii, N. chinensisand B. spectabilis can all grow in 1 
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M NaCl. Intriguingly, isolates Byssochlamys spectabilis 
and Nigrospora chinensis were more tolerant to NaCl; in 
addition, under 100 mm and 200 mm NaCl, the two 
bacteria immediately covered the whole surface of the 
agar compared to the controls. Under in vitro conditions, 
Trichoderma asperellum was very salt tolerant and shown 
robust growth up to 1400mM NaCl concentration (Singh 
et al., 2019).The mycelial development and sporulation of 
various Fusarium genuses, as well as F. oxysporum, are 
motivated under salinity conditions (El-Abyad ef al. 
1988). 

Fungi exposed to salt stress would trigger a series of 
responses with essential roles in stress adaptation, such as 
production of energy, metabolism of cell walls, ion 
movement, the synthesis and degradation of lipids in cells, 
cytoskeleton behavior and signage (Nivedita and 
Ramchiary 2021). The majority of funguses require 
passive strategies to survive at high salt concentrations, 
including the development of extracellular 
polysaccharides to coat the cells or thicken the cell wall 
and the formation of cell clumps (Kralj et a/., 2010).On 
the other hand, several recent studies that discuss the 
impact of salt and heavy metal stress on the rising indole 
acetic acid synthesis by fungus in vitro (Mehmood et al., 
2019). For example, the glycerol is the most prevalent 
osmolyte in H. werneckii and W. ichthyophaga, however 
smaller concentrations of erythritol, arabitol, and mannitol 
can also be observed (Kogej et al., 2007; Zajc et al., 
2014). It is a signature stress osmolyte, indicating that in 
A. sydowii glycerol was only accumulated at 2 M NaCl. In 
A. sydowii, the fungal cell wall structure is extensively 
altered under salinity conditions. When the fungus 
developed in 2 M NaCl, the transcript levels of the 
enzymes endochitinase (chi) and chitotriosidase (chit) 
increased, which may have caused a general decline in the 
amount of chitin and chitosan in the cell wall (Pérez- 
Llano et al., 2020). 

Significant differences existed in the expression of 
many genes related to stability and change of the cell wall, 
within a salt stress. A fungus's cell wall goes through 
substantial modification to avoiding salt stress-related cell 
damage, as evidenced by the turning on of genes linked to 
chitinase, beta-glucosidase, glucan  endo-1,3-alpha- 
glucosidase and Rho-type GTPase (King ef al., 2017). A 
high salinity may cause an elvation in ROS and, as a 
result, the body's response to oxygen-related stress 
(Tanaka et al., 2006). 

It has been previously reported that the fungi 
exposure to high salinity led to significant decreases in 
mycelial development, sporulation and germination rate. 
Early studies indicated that salinity stress caused the 
depression in mycelia production of M. xanthopus 
between 35 and 40 gL"! NaCl (Castillo and Demoulin, 
1997). Aksu and Balibek (2010) reported that Rhizopus 
arrhizus' growth rates only decreased by 20-25 percent 
after being exposed to 50 gL"! NaCl (conductivity of 98.9 
mS/cm). Also, by lowering the radial daily growth and 
mycelium dry weight, Jacques et al. (2019) shown that 
NaCl has a detrimental impact on growth metrics and 
number of infectious spores while resulting in an 
increased in germination rate of F. oxysporum f. sp. 
elaeidis. Mycelia may directly respond to the negative 
consequences of the increased salinity by experiencing 


osmotic stress or becoming toxic substances that interfere 
with membrane stability and/or enzyme activity (Adler, 
2020). 

Salinity causes cells to experience both ionic and 
osmotic stress, which increases intracellular Na* buildup 
and can harm membrane systems and cytosolic proteins. 
The fungus cells' exposure to saline stress includes 
exposure to both osmotic stress and specific cation 
toxicity (Na*). These ions can block particular metabolic 
pathways, which makes them poisonous to cells (Posas et 
al., 2000). According to reports, ROS damage to proteins, 
lipids, and DNA (Farrugia ef al., 2012) results in 
apoptotic cell death (Carmona-Gutierrez et al., 2010), or 
aging (Frohlich and Madeo 2001). 


Effect of NaCl on sporulation 

It's possible that spore generation was crucial for 
fungus survival. The spore develops in reaction to 
unfavorable conditions. The spore is a multicoccal 
structure that is dehydrated and includes a full copy of the 
chromosome, the smallest amounts of necessary proteins 
and ribosomes, and a significant amount of calcium that is 
bonded to dipicolinic acid. The spore structure protects 
genomic DNA to many extreme conditions including 
salinity, alcalinity, heat, desiccation, UV and y-radiation, 
and a variety of products chemicals (Eichenberger and 
Driks, 2014). 

Due to its strong salt-resistant characteristics, spore 
production may be a useful escape mechanism from 
unfavorable high salinity conditions. However, contrary to 
expectations, high salinity effectively stimulates 
sporulation. Sporulation that is continuously exposed to 
salt-rich environments is stimulated at the earliest possible 
stage. In fact, Boumaaza et al. (2015); Daami-Remadi et 
al. (2009) and Regragui and Lahlou (2005), all noted that 
B. cinerea, V.dahliae, and V. albo-atrum sporulation rates 
were stimulated when the concentration of NaCl was 
increased. Under situations of salt stress, various 
Fusarium species, notably F. oxysporum f.sp. ciceri (foc), 
motivate their mycelial growth and sporulation under salt 
stress conditions (El-Abyad et al. 1988; Gour et al. 1990). 
The highest production of A. niger and P. lilacinum 
conidia, collected from the soil, was seen in both species 
in the nutritional medium including 1% sodium chloride. 
Conidia of P. lilacinum were not produced on nutrient 
medium contening 5% sodium chloride; however 
Aspergillus niger grown in the same conditions at 5% 
sodium chloride did produce conidia (Mert and Dizbay, 
1977). Torpedospora radiata, Lulworthia floridana, and 
Halosphaeriopsis mediosetigera all sporulated in artificial 
media made composed of saltwater dilutions ranging from 
0 to 100% (Jones et al. 1971). According to Branco et al. 
(2015), the salinity-adapted Suillus brevipes fungus has 
distinct genomic areas that contained the gene for a 
membrane Na‘/H* antiporter, a gene linked to tolerance 
for salinity stress. 

Although the effect of sporulation in the presence of 
salt was somewhat variable. Previous studies using 
increasing NaCl concentrations to assess the rate of 
sporulation. Building on previous observations,salinity 
has a major impact on sporulation of fungus such as S. 
fimicola, C. globosum, G. retispora, N. crassa, and S. 
fimicola; a salinity of 60% didn't result in any ascospore 
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production (Jones et al., 1971). Under saline conditions, 
production of Phytophthora capsici sporangia and 
zoospore was decreased by approximately 3 to 85 and | to 
93%, respectively (Sanogo, 2004). In  Pochonia 
chlamydosporia, the colony area was less inhibited 
(6.55%) and sporulation was less inhibited (21.57%) at a 
concentration of 40 mmol.L! of NaCl than at 160 
mmol.L!, where values of 51.3% and 85.1%, 
respectively, were recorded (Ceiro et al., 2014). 

Some microorganisms are unable to survive due to 
osmotic stress brought on by high salinity. High salinity 
environments also have a low water index, are more 
alkaline, and provide poor nutrition for the 
microorganisms that live there (Corral ef al., 2020). 
Microorganisms have a variety of adaption mechanisms in 
order to survive in such hostile environments. One of the 
main methods used by microorganisms to attain osmotic 
balance is the accumulation of massive quantities of ions 
within the cell (Kanekar et al., 2012). The increased salt 
level inside the cell is primarily the result of K+ ions, as 
organisms exclude Na+ ions because of their toxicity a 
number cellular constituents (Gunde-Cimerman ef al., 
2018).This strategy requires intracellular proteins and 
substances with acidic residues, which are found on the 
protein's external. Water molecules are coordinated by 
them to produce a wall that protects the protein from 
dehydration and precipitation of ions (Ma ef al., 2010). 
Microorganisms require organic molecules to keep 
osmolality inside of cells. Polyols, sugars, glycérol, 
ectone, and diméthylsulfoniopropionate are among the 
compatible solutions that do not obstruct with the function 
of enzymes (Ma et al., 2010). The three chemical groups 
of organic solutes: anionic solutes, zwitterionic solutes 
and uncharged solutes (Kanekar et al., 2012). Salt stress 
affects the lipid content that includes the quantity of 
sterols, the fatty acyl chain type, and the makeup of head 
groups in polar phospholipids. Fungi can tolerate in 
extremely high salinities by cell wall melaninization to 
prevent water loss, intracellular compatibility solute 
leaking and to maintain high membrane fluidity 
(PlemenitaS et a/., 2008). 

However, in salinity-sensitive fungi, the extracellular 
and intracellular compartments' membrane potentials are 
different from one another, in that enhanced by the 
increased extracellular quantities of ions (such Na* and Cl 
). As a result of the membranes being excited, the 
potassium (K+) channels open, which allows for the entry 
of Na* and Cl ions as well as the passage of K+ out of the 
cell. In this manner, too many Na* ions could compete 
with K+ ions for the same receptors in a variety of 
biological processes. Additionally, Cl ions have negative 
consequences that might manifest at lower concentrations 
than Na ions. The ability of Na to establish more durable 
connections with the cell membranes contain lipids while 
Cl- is free in solution and has the capacity to cause 
toxicity at a greater number of distinct places inside the 
cells may be the cause of this higher toxicity of Cl’ 
(Knecht and Klasczyk, 2013). 


Effect of NaCl on spore germination 

Different fungi species show reduction of 
germination under saline conditions. Boumaaza ef al. 
(2015), Sanogo (2004) and Ragazzi and Vecchio 


(1992),they found that the germination rates of Botrytis 
cinerea, Phytophthora capsici and Fusarium oxysporum f. 
sp. vasinfectum were all negatively impacted by NaCl. In 
the presence of additional NaCl, 32.6 % of the spores 
germinated of Rhizopogon roseolus at 50 mM, 7.4 % at 
150 mM, and 0.5 % at 300 mM. As the NaCl 
concentration increased, the total germination rate 
considerably decreased (Nakanoa et al., 2022). R. 
undulata isolates had an ascospore germination rate of 
83.3 % overall at 50 and 100 mM NaCl concentrations (no 
germinations were seen at 300 mM) (Lee et al., 2015). 
According to several studies, fungus spores regularly 
hydrate and the germlings can grow at a concentration of 
around 50 mM NaCl, but the germination process is 
finally inhibited above a concentration of 100 mM NaCl 
(Campagnac and Khasa, 2014). A. wentii, P. janthinellum, 
and Z. moelleri exhibited limited germination at low 
salinities; however, the conidia of G. fimbriatum, P. 
puntonii, and T. lignorum could only germinate in 
distilled water (Borut and Johnson, 1962). At doses of 150 
mM and above, R. solani exhibits aerial hyphal 
development, less thick mycelia, and a decrease in spore 
germination percentage (Dylan, 2018). A positive effect 
on fungal growth and conidia germination under 50 mM 
of NaCl was suggested by Boumaaza et al. (2015), Turco 
et al. (2002) and Dikilitas (2003). Ragazzi and Vecchio 
(1992) found that substrates containing 10 ds/m sodium 
chloride enhanced the germ tube length and germination 
of F. oxysporum f. sp. vasinfectum chlamydospore. 

In principle, the germination process may be inhibited 
by NaCl at a variety of stages, including binding to 
receptors in the spore's membrane, signal transduction, the 
spore core's ion efflux followed by its DPA(dipicolinic 
acid) efflux and cortex hydration (Cortezzo et al., 2004). 
According to earlier reports, reduced mycelia, conidia 
germination, and sporulation are characteristics of heavily 
salinized fungi due to the low osmotic potential, toxicity 
and reduced ion availability (Egamberdieva, 2011). Low 
osmotic potential causes fungi to undergo morphological 
changes, hyphal growth, and a general decline in spore 
germination (Juniper and Abbott, 2006). The mechanism 
of spore germination is started by water entering the 
spore, which is followed by the hydration of the spore's 
organelles and macromolecules. After that, the enzyme 
activates to initiate the cellular metabolic cycle. This 
mechanism is disrupted under saline conditions. 


Salinity's effects on pathogenecity 

Salinity of the soil and water is one of the principal 
environmental elements that might influence the 
existence, growth, and frequency of phytopathogenic 
fungus. The growth and development of fungus in salt not 
just makes them more virulent, but also has the potential 
to reduce their pathogenicity. It's crucial to remember that 
under saline or typical conditions, naturally resistant to 
disease cultivars may also become susceptible to them 
(Mou, 2011). If pathogens demonstrate more tolerant to 
the harmful effects of salinity than those of their hosts, 
then added stress on host plants is unavoidable. 


Salinity’s positive effects on pathogenicity 
Salinity undoubtedly has a negative impact on plant 
growth, but it can also have a good impact on fungal 
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growth, including an increase in pathogenic activity. 
According to several researches on the relationships 
between microorganisms and _ salinity showed that 
increased in disease are associated with higher salinities. 
As is the situation with, Phytophthora capsici (Sanogo, 
2004), P. aphanidermum (Rasmussen and Stanghellini, 
1988), Fusarium crown rot (Woltz et al., 1992; Triky- 
Dotan eft al., 2005) and P. parasitica (Swieckil 
andMacDonald, 1991). MacDonald (1984) reported that 
Chrysanthemum root rot was shown to be more common 
with exposures to salinity stress. He speculated that this 
may have been caused by the roots' vulnerability to 
zoospore infection as a result of the deplasmolytic shock. 
Various soilborne infections, particularly pathogenic 
strains of Fusarium, have been linked to amplified disease 
incidence after irrigation at extremely salty water (Sivan 
et al., 1993). Although anecdotal information from earlier 
investigations in Oman suggesting that farms with higher 
salinities experienced significantly greater rates of 
pythium damping-off disease (Al-Kiyumi, 2006). Beech 
(1949) attributed increased damping-off of tomato 
seedlings treated with fertilizer salts was caused by 
Phytophthora species growing more quickly than their 
hosts when both were subjected to osmotic stress. 
According to Goudarzi et al. (2011), increasing soil salt 
levels up to 1400 mg of NaC kg" significantly increased 
Macrophomina phaseolina shoot and root colonization. 
As a result, increasing NaCl levels were associated with 
more diseased crown and root. Similar results were found 
for tomato and cucumber, where increased soil salinity 
enhanced Fusarium solani root disease (Egamberdieva et 
al., 2011). When Verticillium albo-atrum is grown on an 
80 mM NaCl-enriched carboxymethylcellulose (CMC) 
medium, its carboxymethylcellulase activity increases, 
increasing its pathogenicity (Regragui et al. 2003). In 
cucumber seedlings infected with Pythium 
aphanidermatum, mortality increased considerably with 
saline irrigation from 0.01 to 5 dS/m (Al-Sadia et al., 
2010). 

High salinity may alter a plant's morphology, 
anatomy, metabolism, and biochemistry, affecting factors 
like water relations, stomata size and number, stem, leaf, 
and root structure, photosynthesis, protein synthesis, lipid 
metabolism, cuticle thickness, ion homeostasis and 
membrane function, synthesis of nucleic acids, enzymes, 
and osmolytes (Bernstein and Kafkafi, 2002; Parida and 
Das 2005). The above alterations caused by high salinity 
to the plant may be linked to increased susceptibility to 
the disease. According to Bernstein and Kafkafi (2002), 
salinity causes in osmotic stress on the plant, decreased 
water potential, all of which could worsen the wilt. 

Salinity may result in a reduction in other nutritional 
ions, such as K+, which is usually linked to disease 
resistance. Because potassium ion is necessary for cellular 
function, Na* competes with K* for binding sites, which 
results in metabolic toxicity. Na* and Ca?* ions were 
discovered to compete with one another in the root media 
(Flowers, 2004). In these conditions, the cell wall 
membrane weakens and lyses, allowing assimilates (such 
as glucose and amino acids) to continuously exit the cell 
and perhaps promote fungal development. 

The potential exists for fungi to produce more 
enzymes at low NaCl concentrations. For example, 


Sclerotium rolfsii produced more enzymes, including 
xylanase and galactanase, at higher salt concentrations 
(El-Abyad et al., 1992). Similar to this, Turco ef al. 
(2002) found that conidial formation and the generation of 
cell wall enzymes were both facilitated less than 50 mM 
of NaCl, which in turn improved the pathogenicity of 
fungal infections. In addition, even if crop plants develop 
high levels of resistance, salt's long-lasting effects and 
high concentrations have the power to weaken resistance 
and promote pathogenic attack (Fu et al., 2013). 


Salinity’s negative effects on pathogenicity 

Pathogens not only become more virulent in saline 
environments, but also have the potential to non-virulent. 
Increased salt levels reduce the growth of fungi's mycelia 
and sporulation due to negative osmotic potential, toxic 
and nutritional effects, as well as other factors 
(Egamberdieva, 2012). According to Amir et al. (1996), 
salt inhibited soil mycelial development and conidia 
germination, making it suppressive to Fusarium 
oxysporum, the fungus that causes vascular wilt disease. 
Similar conclusions were reached by Goudarzi and 
Pakniyat (2008) and El-Mougy and Abdel-Kader (2009) 
on the Fusarium culmorum, Macrophomina phaseolina 
and Alternaria solani. According to Elmer (1992), the 
application of NaCl allowed for the controlled spread and 
growth of Fusarium crown and root rot brought on by F. 
oxysporum and F. proliferatum. The anammox process 
can be severely inhibited by elevated salinity levels. High 
salinity causes an increase in osmotic pressure, which 
causes microbial cells to lose water. This dehydration and 
plasmolysis eventually cause the cells to die (He ef al., 
2017). In addition to these problems, the growth of 
mycorrhiza and symbiotic microorganisms may be 
significantly impacted relating to colonization potential 
and effectiveness (Asghari et al., 2008). 


Conclusion 

Soil and water salinity constitutes one of the most 
crucial environmental factors and impairs the plant growth 
through ionic and osmotic stress, nutritional deficiencies, 
and water deficiency. In addition to preventing plant 
growth and development, salinity also has an impact on 
antagonistic and pathogenic of numerous fungi. Sodium 
chloride may either a possible antifungal agent by 
decreases mycelia growth, sporulation, and conidial 
germination or increases the virulence of diseases. It has 
been recommended that the concentration of sodium 
chloride applied as an antifungal measure not goes above 
a particular point because the disease may eventually 
adapt to the salinity of the environment. 
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ABSTRACT 


Okra (Abelmoschus esculentus L. Moench) is one of important summer vegetable of Pakistan. In the present study GCA 
effects of parents and SCA effects of crosses were estimated by using line = tester analysis. Five lines i.e. Clean strawless, 
Sanura, Okra Malka, 0019221, Krishna and three testers Sabz pari, Perbhani selection, Ikra-03 were crossed to develop 
15 F, hybrids. The parents along with their hybrids were evaluated in RCBD in three replications in the field during 2019. 
The GCA and SCA mean squares for plant height, number of fruits, number of leaves, Stem diameter, Fruit diameter, 
Protein content, Fiber content, Ascorbic acid, Ash content, internodal distance and Pubesence were significant. Among 
lines Clean strawless, Okra malka and Sanura whereas among testers Sabz pari and Ikra-03 were proved to be good 
general combiners for most of the traits. These parents suggested to be used in future programs for fixing the desirable 
traits. Among crosses Clean strawless x Sabz pari, Sanura x Perbhani selection,Sanura x Sabz pari, were proved to be 
best specific combiners for most of the characters. Whereas Okra malka = Sabz pari, Sanura x Ikra-03, Krishna Ikra- 
03, 0019221 x sabz pari had significant mid and better parent heterosis for most of the traits under study. So these cross 
combinations may be used in the development of hybrid okra or in the improvement of different quality traits of okra. 


Key words: Okra, GCA, SCA 


INTRODUCTION 


Okra (Abelmoschus esculentus L. Moench) is an 
economically important vegetable crop that belongs to the 
Malvaceae family and liked by the people of the sub- 
continent. In Pakistan, the production of okra is stagnant 
from years and is not enough to fulfill the demand of the 
increasing population. The average production of okra was 
around 2.7 million tons during previous years. (Pakistan 
Bureau of Statistics, 2019). It originated from North-Eastern 
African countries i.e. Sudan and Ethiopia. It is the crop being 
cultivated from ages and its distribution is from Asia to Africa, 
North America and Southern Europe (Oyelade et al., 2003). 

Its major growing zones are tropical and subtropical 
regions. It is prone to frost, chilling, water deficit and water 
logging conditions (Oyetunde et al., 2015). Okra has 
annual growth habit with 2n=130 chromosomes. Cultivars 
from different countries have acquired certain 
distinguished characters from the country to which they 
belong. It is a multi-purpose crop, consumed in several 
ways but mostly its green tender fruits are consumed as a 


vegetable. Its fruits are a good source of calcium, vitamins, 
magnesium and other mineral nutrients. The mature seed of 
okra is a rich source of protein and oil and some important 
micro and macronutrients. The oil obtained from its seed is 
arich source of fatty acids including linoleic acid, which is 
a good source of nutrition for humans (Savello et a/., 1980). 
Okra is commonly known as "bhindi “in Pakistan. Okra 
fruit has nutritional value as it has 88% water, 1.52 g 
protein, 5.76 g carbohydrate, 13.1 mg ascorbic acid, 0.4 mg 
Ca, 36.5 wg folic acid, 46 mg and 2g dietary fiber, which 
lowers blood cholesterol level, reduces the chances of 
cardiac arrest and lethal cancer especially colorectal 
(Saleem et al., 2018). 

Most okra verities are adapted to high temperature. 
Minimum temperature requirement for okra germination is 
16 °C and for excellent growth night temperature should 
not be less than 13 °C. Okra cultivars grows on range of 
soil types but well drained, fertile substrates with adequate 
amount of organic matters are ideal (Shivaramegowda et 
al., 2016). In field okra harvests twice a year, early and late 
are sown yearly. The best time for early sowing is mid of 
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March. The late harvest is sown in July. In slop okra is 
grown in April — July (More et al., 2017). The area under 
okra has increased from 14,601 acres in 2016 to 14658 
acres in 2017 in Punjab due to good economic return to the 
growers while production has increased from 67,058 tons 
in 2016 to 68,056 tons in 2017 in Punjab due to favorable 
environmental conditions (Anonymou, 2016-2017). 

Okra is also beneficent in medical industry such as 
Mucilage which is present in okra, is used for washing 
away toxic substances and bad cholesterol. It’s used for the 
remedy of ulcer and healthiness of joints (Kumar et al., 
2013). Biometrical techniques like Line x tester and diallel 
are very useful breeding tools (Zafar et al., 2020). The 
choice of parents is the pre-requisite for a successful 
breeding program. SCA and GCA effects are foundation of 
a successful breeding programme. 

Objectives of research study were; 

I) to evaluate the performance of 8 accessions of Okra 
and their F,offsprings for desired characters 

ii) To estimate general combining ability (GCA) and 
specific combining ability (SCA) 

ili) To estimate mid and better parent heterosis 

iv) To find out inheritance pattern and heritability in 
parents and hybrids 


MATERIALS AND METHODS 


Germplasm Development 

A field experiment consisting of eight lines and 15F1,; 
of okra was conducted in the research area of the 
Department of Plant Breeding and Genetics, University of 
Agriculture, Faisalabad during crop season of 2018-2019. 
The germplasm of okra was collected from Plant genetic 
resource institute NARC, Islamabad. All crosses were 
made to obtain F; seed following Line x tester analysis 
design. Care was taken to avoid contamination of breeding 
material during emasculation and pollination. 


Experimental Site 

This research was conducted at experimental area of 
Plant Breeding and Genetics Department University of 
Agriculture Faisalabad. 


Soil 
The soil of experimental area was loamy having good 
drainage and uniform texture. 


Experimental Material 
The experimental material used in this research work 
comprised of 8 parents and 15 Fi crosses. 


Observations 
Thirteen yield and nutrition related traits of okra were 
recorded. 
1. Plant height (inches) 
2. Internodal distance (inches) 
3. Fruit length (cm) 
4. Fruits per plant 
5. Leaves per plant 
6. Ridges per fruit 
7. Fruit diameter (cm) 
8. Stem diameter (cm) 
9. Fruit weight (g) 
10. Protein content (%) 
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Table 1: Detail of genotypes used in this study 
Sr. No Genotypes (parents 

Clean Strawless 

Sanura 

Okra Malka 

Sabz Pari 

0019221 

Perbhanikaranti 

Ikra-03 

Karishna 


Genotypes (Fi Crosses) 

Clean strawlessx IKRA-03 

Sanurax IKRA-03 

Okra Malka x IKRA-03 

0019221 x IKRA-03 

Karishna x IKRA-03 

Clean strawless x Perbhani selection 
Sanura x Perbhani selection 

Okra MalkaxPerbhani selection 
0019221 x Perbhani selection 


OAANIDMABHBWNKH|N CNIDNABWNK 
in) 
Z 
° 


10 Karishnax Perbhani selection 
11 Clean strawlessxSabz Pari 

12 Okra Malka x Sabz Pari 

13 Sanura x Sabz Pari 

14 0019221 x Sabz Pari 

15 Krishna x Sabz Pari 


The quality of a fruit can be determined through its 
protein percentage. The percentage of protein was provided 
by the equation: 

P/T x 100 
Where, 

"P" is the number of calories that come from protein & 

"T" is the total number of calories in the food. 

11. Fiber content (%) 

The amount of dietary fiber was determined using NIR. 
12. Ash content (%) 

Ash content of okra genotypes were determined using 
NIR (Near infrared refractometer). 

13. Ascorbic acid (mg/g) 

Ascorbic acid or vitamin C content of okra was 
determined by using Lime juice vitamin C content 
determination method. 


Statistical analysis 

Data from experiment were subjected to analysis of 
variance by using the approach proposed by Steel ef al. 
(1997) to see genotypic differences. Traits that showed 
significant differences were further analyzed through for 
estimation of combining ability effects by Kempthorne 
(1957). 


RESULTS AND DISCUSSION 


Plant Height 

Analysis of variance for line x tester Showed 
significant differences between genotypes, parents, lines, 
testers, crosses, and line x tester for plant height (Table 2). 
Among lines Krishna showed positive and highly 
significant GCA value (24.67) that showed it is a poor 
general combiner followed by Okra Malka which has GCA 
value (11.78), whereas Clean straw less has negative and 
highly significant (-11.89**) so it is a good general 
combiner for plant height followed by Sanura which has 
negative and significant GCA value (-13.11). In the testers 
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Table 2: ANOVA for yield related traits of maize genotypes and their crosses 


SOV Df PH NOL FL ID SD NOF FD Pub PC AC AA FC _ NOR 
Replication 2 1.63 4.84 0.07 0.12 0.00 0.13 0.01 0.01 0.01 0.02 0.00 0.00 0.00 
Genotype 22 955.25 77.71 7.70 3.14 0.16 38.50 0.17 0.69 20.85 5.55 0.03 0.81 0.07 
Cross 14 925.05 100.17 7.74 3.43 0.21 37.90 0.14 0.59 27.92 6.98 0.05 0.95 0.10 
Line (C) 4 2702.61 140.69 7.48 2.49 0.65 25.19 0.12 1.02 96.98 19.57 0.06 2.52 0.20 
Tester (C) 2 293.07 261.49 19.95 0.70 0.03 0.20 0.05 0.82 0.37 1.65 0.06 0.10 0.07 
Line x Tester (C) 8 194.26 39.57 481 4.58 0.03 53.67 0.16 0.32 0.27 2.02 0.35 0.37 0.07 
Parent 7 891.71 17.51 8.72 2.27 0.10 23.50 0.13 0.64 7.36 3.19 0.00 0.13 0.00 
Line (P) 4 1196.67 1356 4.13 2.50 0.12 18.93 0.18 0.60 859 3.71 0.00 0.08 0.00 
Tester (P) 2 488.44 19.44 19.26 2.81 0.10 2.33 0.01 1.00 6.84 0.73 0.01 0.14 0.00 
Line x Tester (P) 1 478.40 29.47 5.98 0.29 0.00 84.10 0.14 0.10 3.84 6.01 0.00 0.29 0.00 
Cross vs Parent 1 1822.85 184.80 0.15 5.16 0.00 152.04 1.05 2.44 16.25 1.89 0.01 3.65 0.07 
Error 44 2.82 0.87 0.68 0.04 0.00 1.33 0.02 0.04 0.04 0.02 0.00 0.02 0.03 
Table 3: GCA for yield related traits of maize genotypes 
Parents 
Lines PH NOL FL ID SD NOF FD Pub PC AC AA FC NOR 
Clean strawless — -13.89** -3.76** -.86** 0.54** -0.06** -2.76** 0.04ns 0.36** -.47** -1.16** -0.01ns -0.30** -0.07ns 
Sanura -13.11** -1.09** -0.75** 0.0ns  -0.12** 0.36ns 0.14** 0.36** -0.36** -0.28** 0.13** -0.24** 0.27** 
Okra Malka 11.78** 6.58** 1.01** 0.47** -0.16** 1.13** -11** -.31** 4.91** 1,96** -0.10** 0.86** -0.07ns 
19221 -9.44** -1,98** 0.94** -0.72** -0.13** 1.47** -0.13** -0.09** 0.23** 1.03** -0.01ns 0.13** -0.07ns 
Krishna 24.67** .24ns  -0.33** -0.29** 0.48** -0.20ns 0.07ns -0.31 -4.31 -1.54 -0.01ns -0.46  -0.07ns 
Testers 
Sabzpari -5.078** -3.68* -1.22* 0.23* 0.01ns -0.07ns -0.05ns 0.22 -0.06ns 0.38* -0.03* 0.08ns -0.07ns 
Perbhani selection 1.96**  -.91** 0.14** -0.19** 0.04** -0.07ns 0.07ns -0.24 -0.12* -0.23** -0.04** -0.08** -0.07ns 
Ikra-03 3.07* _4.56** 1.08** -0.04 -0.05  0.13ns_ -0.02ns 0.02ns 0.18** -0.15** 0.08** 0.01ns_ 0.07ns 
Experimental Conditions during crop season 2019. 
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Fig. 1: Temperature during crop season 2019 


IKRA-03 has highly significant GCA value (3.07) followed 
by Perbhani selection which has GCA value (1.96) and 
Sabz Pari showed negative and highly significant GCA 
value (-5.078) which indicated that it is a good general 
combiner for plant height (Table 3). 

Crosses Clean strawlessx IKRA-03, OKRA MALKA 
x IKRA-03,0019221 X PERBHANI Selection and 
KRISHNA x IKRA-03 indicated positive and Highly 
significant specific combining ability values (3.90), (3.58), 
(2.79) and (3.86) respectively so they are poor specific 
combiners for plant height, whereas cross Clean strawless 
x sabz pari, Sanura x sabz pari and Okra malka x sabz pari 
revealed negative and highly significant specific 
combining ability values (-6.35), (-2.04) and (-2.43) 
respectively which revealed that these combinations are 
good specific combiner for plant height (Table 4). 

Sanura x Perbhani selection showed negative and 
highly significant value (-14.43) for mid parent heterosis it 
mean hybrid of both parents will show better results as 


AUGUST 


SEPTEMBER OCTOBER NOVEMBER 


MONTH 


compare to mean value of parent performance while It also 
showed negative and highly significant value (-21.10) for 
better parent heterosis it means F; will also showed good 
performance from better parent from Sanura and Perbhani 
selection. Whereas Okra Malka * sabz pari showed highly 
significant and positive value for mid parent heterosis and 
better parent heteorsis (64.45) and (56.31) respectively it 
means hybrid from these two parents is not desirable for 
plant height (Table 5). 

GCA and SCA effects were estimated which revealed 
that Varsha upher, Hisarunnat, NO-315 and Kahi pragati 
were found good general combiner for most of the traits. 
Varsha was found good general combiner for fruit weight 
and plant height. Hisar unnat was also found good general 
combiner for plant height (Raju et al., 2017). 


Number of leaves 
Among lines Okra Malka showed positive and highly 
significant GCA value (6.58) that showed it is a poor 
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Table 4: SCA of crosses for yield related traits of maize 
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Cross PH NOL _ FL ID SD NOF _ FD Pub PC AC AA FC NOR 
Clean strawless x Ikra-03  3.90** 3.09** 1.38** 2.24**  0.11** 0.96ns 0.38** -0.22ns 0.03ns 0.22** 0.07** -0.03ns -0.07ns 
Clean strawless x Perbhani0.63ns 0.02ns -2.34** -0.83** -0.04** -1.71** -0.35** -0.24ns 0.25ns 0.12ns -0.02ns 0.10ns 0.0ns 
selection 

Clean strawless x Sabz pari -6.35** -3.11** 0.96** -1.42** -0.06** 0.76ns_ -0.03ns -0.02ns -0.28* 0.10** -0.05* -0.06ns 0.07ns 
Sanura x Ikra-03 1.82ns_ -1.24** -0.06ns -1.32** -0.03** -4.16** 0.06ns 0.22ns 0.15ns 1.66** -0.10** 0.23*  0.27* 
Sanura x Perbhani selection -2.04* -1.64* -0.42* 0.67* -0.05* -2.16* 0.03ns 0.24ns 0.07ns -0.79* -0.11** 0.10ns 0.0ns 
Sanurax Sabz pari -2.66** 2.89** -1.03** 0.65**  0.08** 6.31** -0.09ns 0.02ns -0.22 -0.88** 0.21** 0.14ns 0.07ns 
Okra Malka x Ikra-03 3.58** -4.58** -0.71** 0.18ns -.10** -2.60** -0.09ns 0.11ns -0.35** -0.55** 0.06** 0.20** 0.0ns 
Okra MalkaxPerbhani 1.12ns 0.36ns 0.31** -0.40** -0.06** 5.07** 0.01ns -0.09ns -0.10ns 0.30** -0.01ns -0.06ns 0.07ns 
selection 

Okra Malka x Sabz pari -2.43* 4.22** -0.82** 0.22ns** 0.04** -2.47** 0.08ns -0.02ns 0.44** 0.25** -0.07** 0.14ns -0.07 
Krishna x Ikra-03 -0.76ns -1.36 0.82** -1.03** -0.04** 4.73** -0.20** -0.11ns 0.23ns -0.31** -0.02ns 0.70** 0 
Krishna <Perbhani selection 3.86** -.56ns* -0.01ns 0.56**  0.13** 1.27ns 0.24* -0.31ns -0.32** 0.23** 0.06** -.30** 0.07** 
Krishna x Sabzpari -0.67ns 4.09** 0.52** 0.47** — -0.09** -3.47** -0.03ns 0.42** 0.09ns 0.08ns -0.04** -0.40** -0.40** 
0019221 x Ikra-03 0.57ns_ -0.64ns 0.32** -0.07ns 0.05** 1.07ns 0.07ns 0.44** -0.06  -0.58** -0.02ns 0.24** 0.07** 
0019221 Perbhani selection 2.79** -3,44 0.33*8 -0.01ns 0.08** 0.07ns 0.08ns -0.09ns -0.09ns 0.13ns 0.06** 0.05ns 0.00ns 


0019221 Sabzpari -1.09ns -1.09ns -0.84** 0.07ns _-0.03** -1.13ns -1.13ns -0.36** -0.03** 0.45ns -0.04* 0.19* 0.07* 
Table 5: Mid-parent heterosis for yield related traits of maize 

Cross PH NOL FL ID SD NOF FD Pub PC AC AA FC NOR 
Clean strawlessx Ikra-03 10**  7.69ns  -2.24 59.01** 0.12ns -7.69ns 27.62** 100** 11.30** -33.55**5.26ns_ —_-10.98** 0.0ns 
Clean strawless x -6.74** -15** = -25.46** 12.27** -11.56** -31.91** -2.72ns 100** 4.25** - -24.32** 13.10** 0.0ns 
Perbhani selection 43.63** 

Clean strawlessxSabz pari 7.50** 9.33**  22.18** 0.36ns  -8.03** 0.0ns 26.02* O0Ons  1.86* -38.02 15.15ns 2.76ns 0.0ns 
Sanura x Ikra-03 -14.93** -6.25ns -11.35** -21.76** -9.54** 9.09ns  31.74** 100** 19.55** 20.00** 2.86ns  4.55ns_ 13.33** 
Sanura x Perbhani -14.43 -6.33** -6.09ns 25.44** -12.41** 71.43** 22.09** 100** 9.60** - 0.0ns 7.85** 6.67** 
selection 44.21** 

Sanurax Sabz pari -9.65  81.08** 12.76** 25.60** 2.67** 244.83** 4.46ns 0.0ns 9.6 -39.94** 186.67** 13.45** 0.00ns 
Okra Malka x Ikra-03.  44.78** 40.98** -13.17** 7.56** — -13.78** 38.89** 17.68** 66.67** 8.47** 21.43** -12.50ns 9.78** 0.00ns 
Okra Malka x Perbhani 33.19** 73.68** -0.91ns 6.58% -3.66*  209.68* 18.43** 0.0ns 40.59  15.82** -3.70ns 47.37** 0.00ns 
selection 

Okra Malka x Sabz pari 64.45** 164.79** 20.81** 19.35** 1.68ns  62.50** -0.28  -33.33 31.14 25.40** -16.67* 55.42** 0.00ns 
Krishna x Ikra-03 2.46** -10ns -6.06ns -31.62** -7.26** 152.63** 32.20** 66.67** 3.20** 32.27* 8.57ns  49.72* 0.00ns 
Krishna x Perbhani 10**  20** 5.79ns 4.03ns  -3.29** 81.82** 13.76** 0.0ns  -0.19ns 17.99** 29.03** 49.71** 0.00ns 
selection 

Krishna x Sabzpari 37.09* 54.29** 27.18** 3.29ns  -7.13** 41.18** -2.65ns 0.0ns  3.76** 27.56** -16.67* 12.94** 0.00ns 
0019221 x Ikra-03 39.77* 31.58** -1.94ns 12.11** 23.71** 45.45** 14.91** 100** -30.94** -34.14**8.57ns  4.92ns 0.00ns 
0019221 x Perbhani 20.61* -3.30ns -2.22ns 27.97** 12.86** 48.72** 12.74** 0.0ns  -30.43 -38.46 1.16ns_ -7.61* 0.00ns 
selection 

0019221 Sabzpari 30.86** 20,93*  15.78* 30.58%  28.44*  30.00*  30.00* -33.33* -29.57* -22.89** 29.03** 0.0ns  0.0ns 


general combiner followed by Krishna which has GCA 
value (0.24), whereas Clean strawless has negative and 
highly significant (-3.76) so it is a good general combiner 
for Number of leaves followed by 0019221 which has 
negative and significant GCA value (-1.98). In the testers 
Ikra-03 has highly significant GCA value (4.56) and Sabz 
pari showed negative and highly significant GCA value (- 
3.68) which indicated that it is a good general combiner for 
number of leaves (Table 3). 

Crosses 0019221 x Perbhani selection, Sanura x sabz 
pari and Clean strawless x Ikea-03 indicated positive and 
Highly significant specific combining ability values (4.22), 
(4.09) and (3.09) respectively so they are poor specific 
combiners for Number of leaves, whereas cross Sanura x 
Perbhani selection , 0019221 x Sabz pari and Okra Malka 
x Ikra-03 revealed negative and highly significant specific 
combining ability values (-4.58), (-3.44) and (-3.11) 
respectively which revealed that these combinations are 
good specific combiner for Number of leaves (Table 4). 

Sanura x Ikra-03 showed negative and _ highly 
significant value (-15) for mid parent heterosis it mean 
hybrid of both parents will show better results as compare 
to mean value of parent performance while It also showed 
negative and highly significant value (-15) for better parent 
heterosis it means F; will also showed good performance 


151 


from better parent from Sanura and Ikra-03. Whereas 
0019221 x Perbhani selection showed highly significant 
and positive value for mid parent heterosis and better parent 
heteorsis (164.79) and (65) respectively it means hybrid 
from these two parents is not desirable for number of leaves 
(Table 5). 

Same kind of study was conducted by Reddy et al. 
(2012) to know the combining ability effects and gene 
action. Results revealed that IC45732, IC89819 and 
1C89976 were found good general combiner for yield and 
related traits. Among crosses IC2919 X IC 89976 and IC 
89976 X IC111443 were found good general combiner for 
number of fruits and number of leaves. 


Fruit Length 

Among lines Okra malka showed positive and highly 
significant GCA value (1.01) that showed it is a poor 
general combiner followed by 0019221 which has GCA 
value (0.94), whereas Clean strawless has negative and 
highly significant (-0.86) so it is a good general combiner 
for fruit length followed by Sanura which has negative and 
significant GCA value (-0.75). In the testers Ikra-03 has 
highly significant GCA value (1.08) followed by Perbhani 
selection which has GCA value (0.14) and Sabz pari 
showed negative and highly significant GCA value (-1.22) 
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Fig. 3: Average Rainfall during Crop Season 2019 


which indicated that it is a good general combiner for Fruit 
length (Table 3).Clean strawless x Ikra-03 and okra Malka 
x ikra-03 indicated positive and Highly significant specific 
combining ability values (1.38) and (0.96) respectively so 
they are poor specific combiners for fruit length, whereas 
cross Sanura x Ikra-03, Clean strawless x perbhani 
selection and 0019221 x perbhani selection revealed 
negative and highly significant specific combining ability 
values (-2.34), (-1.03) and (-0.82) respectively which 
revealed that these combinations are good specific 
combiner for fruit length (Table 4). 

Sanura = Ikra-03 showed negative and highly 
significant value (-25.46) for mid parent heterosis it mean 
hybrid of both parents will show better results as compare 
to mean value of parent performance while It also showed 
negative and highly significant value (-20.55) for better 
parent heterosis it means F; will also showed good 
performance from better parent from Sanura and Ikra-03. 
Whereas Okra Malka = Ikra-03 showed highly significant 
and positive value for mid parent heterosis and better parent 
heteorsis (22.18) and (8.78) respectively it means hybrid 
from these two parents is not desirable for fruit length 
(Table 5,6). 


Internodal Distance 

Analysis of variance for line x tester Showed 
significant differences between genotypes, parents, lines, 
testers, crosses, and line x tester for internodal distance 
(Table 2). Among lines Clean strawless showed positive 
and highly significant GCA value (0.54) that showed it is a 
poor general combiner followed by Okra Malka which has 
GCA value (0.47), whereas 0019221 has negative and 
highly significant (-0.72) so it is a good general combiner 
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for internodal distance followed by Krishna which has 
negative and significant GCA value (-0.29). In the testers 
Sabz pari has highly significant GCA value (0.23) and 
Perbhani selection showed negative and highly significant 
GCA value (-0.19) which indicated that it is a good general 
combiner for internodal distance (Table 3). 

Crosses Clean strawless x Ikra-03,Krishna x Ikra-03 
and Clean strawless x perbhani selection indicated positive 
and Highly significant specific combining ability values 
(2.24), (0.67) and (0.65) respectively so they are poor 
specific combiners for internodal distance, whereas cross 
Okra Malka x Ikra-03, 0019221 x Ikra-03 and Krishna x 
perbhani selection revealed negative and highly significant 
specific combining ability values (-1.42), (-1.32) and (-1.03) 
respectively which revealed that these combinations are 
good specific combiner for internodal distance (Table 4). 

Krishna x Perbhani selection showed negative and 
highly significant value (-31.62) for mid parent heterosis it 
mean hybrid of both parents will show better results as 
compare to mean value of parent performance while It also 
showed negative and highly significant value (-6.93) for 
better parent heterosis it means F; will also showed good 
performance from better parent from Krishna and Perbhani 
selection. Whereas Krishna = sabz pari showed highly 
significant and positive value for mid parent heterosis and 
better parent heteorsis (30.58) and (13.53) respectively it 
means hybrid from these two parents is not desirable for 
internodal distance (Table 5,6). 


Stem Diameter 

Analysis of variance for line x tester Showed 
significant differences between genotypes, parents, lines, 
testers, and crosses for stem diameter (Table 2). 


Table 6: Better-parent heterosis for yield related traits of maize 
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Cross PH NOL FL ID SD 
Clean -1.94ns -12-40** -4.16** 37.63**  -1.38ns 
strawless x 
Tkra-03 

Clean 
strawless x 
Perbhani 
selection 
Clean 
strawless x 
Sabz pari 
Sanura x 
Tkra-03 
Sanura x 
Perbhani 
selection 
Sanurax Sabz 
pari 

Okra Malka x 
Ikra-03 

Okra Malka 
xPerbhani 
selection 
Okra Malka x 
Sabz pari 
Krishna x 
Tkra-03 
Krishna x 
Perbhani 
selection 
Krishna x 
Sabzpari 
0019221 x 
Tkra-03 
0019221 x 
Perbhani 
selection 
0019221 
Sabzpari 


-9.78** -20.55* 11.03* 


-13.95** 2.50ns 8.78ns_ -.72ns 


-31.19** -0.89ns -13.39** -28.49** 


-21.10** -23.08  -0.23ns 16.88** 


-24.16** -7.50** -0.0ns  19.48** = -3.27** 


44.06** 71.79** 7.85** 3.23ns — -19.71 


14.86** 19.44** 13.63** -5.26ns 


56.31** 65** 17.32** 8.19**  0.0ns 


1.96ns 161.1** -6.93** -6.93** 


-4.35** -22.86** 13.86** -35.486** 


31.75** 12.50** 14.55** -6.06** 


14.56** 54.29** -6.47 -4.85ns 13.21 


12.79** -1.96ns 1.62ns -12.90** 7.30** 


11.39** -13.73** 0.00ns 13.53** 8.68** 


30* 


NOF 
-33. 


33 


-13.79** -55.56** 


-16.82** -33.33** 


-12.11** 5.88ns 


-18.16** 41.18* 


194.12** 


25.00ns 


-13.71** 140** 


-13.54** 188.88** 


-7.22** 36.36** 


-8.79** 9.09ns 


14.09ns 


3.57ns 


-7.14ns 


FD 
19.31** 


Pub 
100** 


PC 
4.61** 


AC AA 
-34.39** 5.25ns 


FC 
7.87ns 


NOR 
0.00ns 


-10.05** 100** = 2.93**  5** -26.32** 6.74ns 0.00ns 


0.78ns_  0.0ns -0.38ns -47.22** 0.0ns 1.09ns_ 0.00ns 


25.45** 100** 20.50** -38.22 -5.26ns 0.0ns = 13.33** 


30.78* 100** 2.54** 18.22** -5.26ns 5.43ns 6.67* 


19.31** 0.0ns  0.57ns_— -47.78** 168.75** 9.78** 0.00ns 


3.61ns -33.33** 29.98** -40.13** -26.32** 44.83** 0.00ns 


17.24** -16.67** 31.14** 20.65** -38.89** 48.28** 0.00ns 


16.25 34.67** 7.78** -7.14ns 45.65** 0.00ns 


-3.79ns 3.20** 25.00** -21.05* 43.96** 0.00ns 


29.02** -0.19** 8.50** 5.66** 5.49ns 0.00ns 


12798" 3.76** -8.89** 17.65ns 4.35ns 0.00ns 


-12.41** -30.94** 3.85** — -21.05** -15** 0.00ns 


2.31ns -30.43  -47.07** 5.56ns  -11** —0.00ns 


-1.01ns 50** -29.57** -38.46** 42.86** -4ns 0.00ns 


Among lines Okra malka showed positive and highly 
significant GCA value (1.01) that showed it is a poor 
general combiner followed by 0019221 which has GCA 
value (0.94), whereas Clean strawless has negative and 
highly significant (-0.86) so it is a good general combiner 
for stem diameter followed by Sanura which has negative 
and significant GCA value (-0.75). In the testers Ikra-03 
has highly significant GCA value (1.08) followed by 
perbhani selection which has GCA value (0.14) and Sabz 
pari showed negative and highly significant GCA value (- 
1.22) which indicated that it is a good general combiner for 
stem diameter (Table 3). 

Crosses Clean strawless x Sabz pari, Clean strawless 
x Ikra-03 and 0019221 Sabz pari indicated positive and 
Highly significant specific combining ability values (0.13), 
(0.11) and (0.08) respectively so they are poor specific 
combiners for stem diameter, whereas cross Sanura x 
perbhani selection, Sanura x Sabz pari and Okra malkax 
Ikra-03 revealed negative and highly significant specific 
combining ability values (-0.10), (-0.8) and (-0.6) 
respectively which revealed that these combinations are 
good specific combiner for stem diameter (Table 4). 

Sanura x Perbhani selection showed negative and 
highly significant value (-13.78) for mid parent heterosis it 
mean hybrid of both parents will show better results as 
compare to mean value of parent performance while It also 
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showed negative and highly significant value (-19.71) for 
better parent heterosis it means F; will also showed good 
performance from better parent from Sanura and Perbhani 
selection. Whereas Krishna x Sabz pari showed highly 
significant and positive value for mid parent heterosis and 
better parent heteorsis (28.44) and (8.68) respectively it 
means hybrid from these two parents is not desirable for 
stem diameter (Table 5,6). The results of present study are 
in conformity to the findings of Arti and Sood (2015) and 
and Kumar and Reddy (2016). 


Number of Fruits 

Analysis of variance for line x tester Showed 
significant differences between genotypes, parents, lines, 
testers, crosses, and line x tester for Number of fruits 
(Table 2). Among lines 0019221 showed POSITIVE and 
highly significant GCA value (1.47) that showed it is a poor 
general combiner followed by Okra malka which has GCA 
value (1.13), whereas Clean strawless has negative and 
highly significant (-2.76) so it is a good general combiner 
for number of fruits followed by Krishna which has 
negative and significant GCA value (-0.20). In the testers 
were nonsignificant GCA value (0.13) for stem diameter 
and sabz pari showed negative and nonsignificant GCA 
value (-0.07) which indicated that it is a good general 
combiner for number of fruits (Table 3). 


Crosses Clean strawless x Perbhani selection, Okra 
malka x Perbhani selection and Krishna x Perbhani 
selection indicated positive and Highly significant specific 
combining ability values (6.31), (5.07) and (4.73) 
respectively so they are poor specific combiners for 
number of fruits, whereas cross 0019221 x Ikra-03, Sanura 
x Sabz pari and Sanura x Perbhani selection revealed 
negative and highly significant specific combining ability 
values (-4.16), (-2.47) and (-2.16) respectively which 
revealed that these combinations are good specific 
combiner for number of fruits. (Table 4). 

Sanura x Ikra-03 showed negative and _ highly 
significant value (-31.91) for mid parent heterosis it mean 
hybrid of both parents will show better results as compare 
to mean value of parent performance while It also showed 
negative and highly significant value (-55.56) for better 
parent heterosis it means F; will also showed good 
performance from better parent from Sanura and Ikra-03. 
Whereas Clean strawless x Perbhani selection showed 
highly significant and positive value for mid parent 
heterosis and better parent heteorsis (244.83) and (194.12) 
respectively it means hybrid from these two parents is not 
desirable for plant height (Table 5,6). 


Fruit Diameter 

Analysis of variance for line x tester Showed 
significant differences between genotypes, parents, lines, 
testers, crosses, and line x tester for Fruit diameter (Table 
2). Among lines Sanura showed positive and highly 
significant GCA value (0.14) that showed it is a poor 
general combiner followed by Krishna which has GCA 
value (0.07), whereas 0019221 has negative and highly 
significant (-0.13) so it is a good general combiner for fruit 
diameter followed by okra malka which has negative and 
significant GCA value (-0.11). In the testers all have 
nonsignificant GCA value (0.07) (Table 3). 

Crosses Clean strawless x Ikra-03, Krishna x Ikra-03 
and Clean strawless x sabz pari selection indicated positive 
and Highly significant specific combining ability values 
(0.38), and (0.24) respectively so they are poor specific 
combiners for fruit diameter, whereas cross Sanura x Ikra- 
03, 0019221 x Ikra-03 and Krishna x perbhani selection 
revealed negative and highly significant specific 
combining ability values (0.35) and (-0.20) respectively 
which revealed that these combinations are good specific 
combiner for fruit diameter (Table 4). 

0019221 x perbhani selection showed negative and 
highly significant value (-0.28) for mid parent heterosis it 
mean hybrid of both parents will show better results as 
compare to mean value of parent performance while It also 
showed negative and highly significant value (16.25) for 
better parent heterosis it means F, will also showed good 
performance from better parent from 0019221 and perbhani 
selection. Whereas 0019221 x Ikra-03 showed highly 
significant and positive value for mid parent heterosis and 
better parent heteorsis (31.74) and (25.45) respectively it 
means hybrid from these two parents is not desirable for 
fruit diameter (Table 5,6). 


Pubescence 

Analysis of variance for line x tester Showed 
significant differences between genotypes, parents, lines, 
testers, crosses, and line x tester for pubescence (Table 2). 
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Among lines Clean strawless showed positive and highly 
significant GCA value (0.36) that showed it is a poor 
general combiner followed by Sanura which has GCA 
value (0.36), whereas Krishna has negative and highly 
significant (-0.31) so it is a good general combiner for plant 
height followed by Okra malka which has negative and 
significant GCA value (-0.31). In the testers Sabz pari has 
highly significant GCA value (0.22) and Perbhani selection 
showed negative and highly significant GCA value (-0.24) 
which indicated that it is a good general combiner for 
pubescence (Table 3). 

Crosses Okra Malka x Sabz pari, Sanura x Sabz pari 
and Krishna x Ikra-03 indicated positive and Highly 
significant specific combining ability values (0.44), (0.42) 
and (0.24) respectively so they are poor specific combiners 
for pubescence, whereas cross Clean strawless x sabz pari, 
Krishna =< sabz pari revealed negative and highly 
significant specific combining ability values (-0.36), and (- 
0.31) respectively which revealed that these combinations 
are good specific combiner for pubescents (Table 4). 

Sanura x perbhani selection showed negative and 
highly significant value (-33) for mid parent heterosis it 
mean hybrid of both parents will show better results as 
compare to mean value of parent performance while It also 
showed negative and highly significant value (-50.00) for 
better parent heterosis it means F; will also showed good 
performance from better parent from Sanura and Perbhani 
selection. Whereas Clean strawless x Ikra-03 showed 
highly significant and positive value for mid parent 
heterosis and better parent heteorsis (100) and (100) 
respectively it means hybrid from these two parents is not 
desirable for pubescence (Table 5,6). 


Protein Content 

Analysis of variance for line x tester Showed 
significant differences between genotypes, parents, lines, 
testers, crosses, and line x tester for protein content (Table 
2). 

Among lines Okra malka showed positive and highly 
significant GCA value (4.91) that showed it is a poor 
general combiner followed by 0019221 which has GCA 
value (0.23), whereas Krishna has negative and highly 
significant (-4.31) so it is a good general combiner for plant 
height followed by Sanura which has negative and 
significant GCA value (-0.36). In the testers Ikra-03 has 
highly significant GCA value (0.18) and Perbhani selection 
showed negative and highly significant GCA value (-0.12) 
which indicated that it is a good general combiner for 
protein content (Table 3). 

0019221 x perbhani selection indicated positive and 
Highly significant specific combining ability values (0.44) 
so they are poor specific combiners for protein content, 
whereas cross Sanura x perbhani selection, Clean strawless 
x Sabz pari and okra malka = Ikra-03 revealed negative and 
highly significant specific combining ability values (-0.38), 
(-0.32 and (-0.28) respectively which revealed that these 
combinations are good specific combiner for protein 
content (Table 4). 

Okra malka = Sabz pari showed negative and highly 
significant value (-30.94) for mid parent heterosis it mean 
hybrid of both parents will show better results as compare 
to mean value of parent performance while It also showed 
negative and highly significant value (-30.94) for better 


parent heterosis it means F; will also showed good 
performance from better parent from okra malka and Sabz 
pari. Whereas okra malka x perbhani selection showed 
highly significant and positive value for mid parent 
heterosis and better parent heteorsis 40.59) and (31.14) 
respectively it means hybrid from these two parents is not 
desirable for protein content (Table 5,6). 


Ash Content 

Analysis of variance for line x tester Showed 
significant differences between genotypes, parents, lines, 
testers, crosses, and line x tester for Ash content (Table 2). 
Among lines okra malka showed positive and highly 
significant GCA value (1.96) that showed it is a poor 
general combiner followed by 0019221 which has GCA 
value (1.03), whereas Krishna has negative and highly 
significant (-1.54) so it is a good general combiner for plant 
height followed by Clean strawless which has negative and 
significant GCA value (-1.16). In the testers Sabz pari has 
highly significant GCA value (0.38) and perbhani selection 
showed negative and highly significant GCA value (-0.23) 
which indicated that it is a good general combiner for Ash 
content (Table 3). 

Crosses Sanura xIkra-03, okra malka x perbhani 
selection and okra malka x sabz pari indicated positive and 
Highly significant specific combining ability values (1.66), 
(0.30) and (0.23) respectively so they are poor specific 
combiners for Ash content, whereas cross Sanura x 
perbhani selection, Sanura x sabz pari and 0019221 x ikra- 
03 revealed negative and highly significant specific 
combining ability values (-0.88), (-0.79) and (-0.58) 
respectively which revealed that these combinations are 
good specific combiner for ash content (Table 4). 

Krishna x Ikra-03 showed negative and highly 
significant value (-44.21) for mid parent heterosis it mean 
hybrid of both parents will show better results as compare 
to mean value of parent performance while It also showed 
negative and highly significant value (18.22) for better 
parent heterosis it means F, will also showed good 
performance from better parent from Krishna and Ikra-03. 
Whereas Krishna x perbhani selection showed highly 
significant and positive value for mid parent heterosis and 
better parent heteorsis (32.27) and (25.00) respectively it 
means hybrid from these two parents is not desirable for 
ash content (Table 5,6). 


Ascorbic Acid 

Analysis of variance for line x tester Showed 
significant differences between genotypes, parents, lines, 
testers, crosses, and line x tester for Ascorbic acid (Table 
2). Among lines Sanura showed positive and highly 
significant GCA value (0.13) that showed it is a poor 
general combiner whereas Okra Malka has negative and 
highly significant (-0.10) so it is a good general combiner 
for ascorbic acid. In the testers Ikra-03 has highly 
significant GCA value (0.08) and perbhani selection 
showed negative and highly significant GCA value (-0.04) 
which indicated that it is a good general combiner for 
ascorbic acid (Table 3). 

Crosses Sanura x Sabz pari, Okra Malka * Ikra-03 and 
0019221 perbhani selection indicated positive and Highly 
significant specific combining ability values (0.21), (0.06) 
and (0.06) respectively so they are poor specific combiners 
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for ascorbic acid, whereas cross Sanurax perbhani 
selection, Sanurax Ikra-03 and Okra Malka =< sabz pari 
revealed negative and highly significant specific 
combining ability values (-0.11), (-0.10) and (-0.06) 
respectively which revealed that these combinations are 
good specific combiner for ascorbic acid (Table 4). 

Sanura x Ikra-03 showed negative and highly 
significant value (-24.32) for mid parent heterosis it mean 
hybrid of both parents will show better results as compare 
to mean value of parent performance while It also showed 
negative and highly significant value (-26.32) for better 
parent heterosis it means F; will also showed good 
performance from better parent from Sanura and Ikra-03. 
Whereas Clean strawless x Perbhani selection showed 
highly significant and positive value for mid parent 
heterosis and better parent heteorsis (186.85) and (168.75) 
respectively it means hybrid from these two parents is not 
desirable for ascorbic acid (Table 5,6). 


Fiber Content 

Analysis of variance for line x tester Showed 
significant differences between genotypes, parents, lines, 
testers, crosses, and line x tester for fiber content (Table 2). 
Among lines Okra Malka showed positive and highly 
significant GCA value (0.86) that showed it is a poor 
general combiner followed by 0019221 which has GCA 
value (0.13), whereas Krishna has negative and highly 
significant (-0.46) so it is a good general combiner for fiber 
content followed by Sanura which has negative and 
significant GCA value (-0.24). In the testers sabz pari 
selection has non-significant GCA value (0.08) followed 
by ikra-03 which has GCA value (0.01) which indicated 
that it is a good general combiner for fiber content (table 
3). 

Crosses Krishna x Ikra-03, 0019221 x Ikra-03 and 
Sanurax Ikra-03 indicated positive and Highly significant 
specific combining ability values (0.70), (0.24) and (0.23) 
respectively so they are poor specific combiners for fiber 
content, whereas cross Krishna x sabz pari , Krishna x 
perbhani selection and okra Malka x sabz pari revealed 
negative and highly significant specific combining ability 
values (-0.40) and (-0.30) respectively which revealed that 
these combinations are good specific combiner for fiber 
content (Table 4). 

0019221 x sabz pari showed negative and highly 
significant value (-7.61) for mid parent heterosis it mean 
hybrid of both parents will show better results as compare 
to mean value of parent performance while It also showed 
negative and highly significant value (-11) for better parent 
heterosis it means F; will also showed good performance 
from better parent from 0019221 and sabz pari. Whereas 
0019221 x perbhani selection showed highly significant 
and positive value for mid parent heterosis and better parent 
heteorsis (55.42) and (45.65) respectively it means hybrid 
from these two parents is not desirable for fiber content 
(Table 5,6). 


Conclusion 

Among the lines Clean straw less proved to be a good 
general combiner for protein content. Sanura proved to be 
a good general combiner for ascorbic acid and protein 
content. Okra Malka proved to be a good general combiner 
for number of fruits, number of leaves. proved to be a good 


general combiner for plant height and pubescence. Among 
the testers perbhani selection proved to be a good general 
combiner for ascorbic acid, ash content and fibre content. 
Sabz pari also proved to be a good general combiner for 
fiber content, plant height, number ridges and number of 
fruits. Perbhani selection also proved to be a good general 
combiner for number internodal distance. 

Those cross combinations which indicated good 
specific combining ability are Clean strawlessx sabz pari 
and Sanura x sabz pari for plant height, 0019221 x perbhani 
selection and Sanura sabz pari for number of leaves Clean 
strawless X= perbhani selection0019221 x  perbhani 
selection for fruit length. The cross okra malka = Ikra-03 
and Krishna x perbhani selection proved to be a good 
specific combiner for internodal distance the cross Sanura 
x perbhani selection and Krishna x sabz pari proved to be 
good general combiner for number of fruits. Selection must 
be delayed in breeding populations because non additive 
genes have low heritability. The parents which have good 
general combining ability for specific traits and the cross 
combinations with good specific combining ability are 
supposed to be used in future breeding programs for the 
improvement of these traits in cotton. 
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ABSTRACT 


Mali is one of the largest mango producing country in the world. Despite its production potential, the country's mango 
plantations are not resistant to the effects of climate change, the negative impacts of climate change affects the 
production, the adaptation of growth and the development of the main exportable varieties. The development of a tree 
crop resilient to the adverse effects of climate change is necessary to meet the ever-increasing demand. The objective 
of this study was to compare growth resilience techniques of Kent and Keitt varieties of mango in the face of 
environmental disruptions. The experimental study was conducted from 2016 to 2018 in an IPR/IFRA orchard in 
Katibougou to document growth traits. The behavior of the two mango varieties through four cultivation techniques was 
tested (mulched plowed plot, mulched unplowed, plot plowed plot, and unplowed un-mulched plot). Three different 
periods were selected after planting: from 6" to 11" month (February-June), from 12" to 18" month (July-November) 
and from 19" to 24'" (December-April). The mulched plowed technique was the best technique to improve the resilience 
of mango varieties to climatic variability. Among all the growth traits studied: the survival rate, the length of Growth 
Unit (GU), the speed of GU, the number of leaves, the phyllochron duration, the plowing with mulching technique 
obtained the best values; particularly for the interval of time between the dates of emergence of two successive 
vegetative shoots (phyllochron), which was less than one month. Except for the growth rate of the GU, for all the growth 
studied traits, both varieties behaved similarly under the different cultivation techniques. The good resistance of the 
Kent variety with a survival rate of about 100%, and the phyllochron achievement time of the Keitt variety were noted. 
The technique of plowing with mulching could be proposed for adoption to mango producers in the Koulikoro district, 
and the choice of Kent or Keitt varieties could be made after confirmation tests. 


Key words: Cultivation Techniques, Mango Variety, Resilience, Climate Change, Plowing, Mulching, Koulikoro. 


INTRODUCTION In Mali, the mango is the leading export fruit (Haidara, 
2012). This is a promising sector that offers real 
development opportunities for the country, given the 


existing potential (200,000 tons of mangoes per year), of 


The mango tree (Mangifera indica L.) is native to the 
forests of India, where it still grows wild. Cultivated for 


more than 4,000 years, the mango tree has spread rapidly 
throughout the world: as early as the 16th century, the 
Arabs introduced it in Africa and the Portuguese 
established it in Central and South America (www.lesfruits 
etlegumesfrais.com). 

Today, the mango is cultivated in all tropical countries 
of the world. Several hundred different species are known, 
of which only a few are distributed commercially. 


which more than 80,000 tons can be exported (non- 
fibrous), and the growing markets (EU, sub-region, 
Maghreb). Unfortunately, fresh mango exports remain 
dependent on climatic variations that have had a significant 
impact on yields (www.cirmali.org). Mali is one of the ten 
largest mango producing countries in the world (AMLEF, 
2010), with an estimated fresh mango production potential 
of 575,000 tons. The main mango production basins are: 
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Bamako and surrounding areas, Koulikoro, Bougouni, 
Sikasso, Yanfolila, Kolondieba, Kadiolo, Koulikoro, 
Baguineda, Kati, Kita, Siby and Ségou. Production is 
generally ensured by small owners of small orchards, 
between 2 and 3 hectares for the most part traditional. 
However, for less than 15 years, there have been large 
orchards in the Sikasso area of between 50 and 100 hectares 
in size (Diallo et al., 2016). Production is characterized by 
its diversity, with about 87 varieties grown 
(www.cirmali.org). However, only six of them (Kent, 
Keitt, Amélie, Tommy Atkins, Palmer and Valencia) are 
appreciated and exported in large quantities outside of Mali 
with some form of contractualization and requirements in 
terms of quality, quantity and timing (Diallo et al., 2016). 
Despite all the progress made in technical processing and 
the improved value of mango through exports, the mango 
sector is still subject to multiple constraints. Facing low 
productivity per hectare and numerous sanitary problems, 
many studies have been conducted on the main 
determinants of mango tree growth and development 
(Vayssieres & Vanniere, 2010; Dambreville, 2012; Reffye, 
2017). Production in quantity and quality usually depends 
on a good plantation starting up in terms of growth and 
development of young seedlings. In order to meet the ever- 
increasing demand for mangoes in a context of climatic 
variability, it is important to test cultivation techniques with 
high-yielding varieties in order to determine which are 
more resilient. The work conducted in this study is based 
on cultivation practices that conserve soil moisture at the 
beginning of planting at the orchard scale. For this purpose, 
Kent and Keitt varieties of mango trees were preferred. 


MATERIALS AND METHODS 


Experimental site 

The study was conducted in one of the orchards of the 
Rural Polytechnic Institute of training and Applied 
Research (IPR/IFRA) of Katibougou located at around 
70km from Bamako and 3.5km from Koulikoro city. The 
coordinates are as follows: 12°56' North latitude, 7°37' 
West longitude, 326 m altitude. The relief is particularly 
characterized by hills and plateaus to the northwest and 
east. A sandstone massif overhangs a rather narrow valley 
whose lowlands are periodically flooded by the waters of 
the Niger River. The Soudano-Sahelian climate, 
characterized by two seasons. The average annual rainfall 
is 850mm. The average temperature is 39°C in the hot dry 
season versus 21°C in the cool dry season (Katibougou 
Weather Station, 1998). The main soil types encountered 
on the experimental site are tropical ferruginous soils with 
a silty to sandy texture at the top and a silty texture at depth. 


Plant material 

The plant material used in this study was mango 
varieties, Kent and Keitt, both from the Genetic Resources 
Unit of the Rural Economy Institute (URG/TER) in Mali, in 
order to comply with the requirements of the study. All the 
young plants collected (12 months old) were grafted at the 
beginning of the rainy season. The mango planting in 
orchards is based essentially on the Kent and Keitt varieties 
in the district of Koulikoro. And these two varieties are well 
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appreciated by consumers outside the country (Diallo et al., 
2016; Diarra et al., 2021). 


Methodology 

Trial set-up 

The plot used in this study was fallow for 3 years. The 
development work started in June 2017 with the felling of 
trees, which was followed by root clearing. Then a deep 
plowing of about 70cm was done in July 2017. A cross 
pulverization made it possible to make uniform the plot 
from the point of view levelling. The trial was conducted 
in a Split-Plot design with two factors. The principal factor 
was plowing practices, composed of four treatments: 
plowed plot; plowed and mulched plot; unplowed but 
mulched plot; and unplowed or control plot. The secondary 
factor was mango varieties, composed of two  sub- 
treatments: Kent and Keitt varieties. The trial was 
composed of three blocks or replications; one replication 
consisted of four main plots and each made up of two lines 
of the secondary plot. Each of the secondary plot received 
mango plants, for a total of 24 mango plants per main plot. 
The trial included 36 plants of the Kent variety and 36 
plants of the Keitt variety, for a total of 72 mango plants in 
the entire trial. To determine the planting holes, we 
proceeded by using the 3-4-5 method to first find the right 
angles. Then we drew the planting lines. On each line, the 
identification of the hole locations was done. Each hole had 
a depth of | meter, a width of 0.80 meters and a unique 
spacing of 7 meters by 7 meters between holes. A random 
draw was used to identify the position of the secondary 
plots. 


Trial management 
The most important management of the mango trees in 
this study was apply fertilization, irrigation, and mulching. 


Fertilization 

The main fertilizer used was well-decomposed organic 
manure at a rate of 30 tons per hectare, or 20 kg per hole 
(52% of the hole). This initial dose was increased by 5 kg 
for each tree in subsequent years. To the organic fertilizer, 
10kg of wood ash, 2kg of cotton cake and kg of ammonia 
sulfate were added annually to the hole of each tree. 


Irrigation 

The plot was irrigated for three years with different 
frequencies and quantities of water. 
- During the first year of the trial, water was supplied to 
each plant only once a week. The amount of water applied 
was 30 liters per plant. 
- During the 2nd year, water was supplied to each plant 
only once for 2 weeks. The amount of water given was 1| 20 
liters per plant. 
- During the 3rd year, water was supplied to each plant only 
once for 3 weeks. The quantity supplied was 270 liters of 
water per plant. 


Mulching with dry grass 

This operation aimed at ensuring a better conservation 
of the soil moisture during the period between two 
watering. 


The activity was carried out in October of each year 
during the three years of the experiment; by making a basin 
of 1m diameter around each mango tree; establishing a 
layer of straw 0.30m thick in the basin; leaving a free space 
around the trunk at the base of each tree; and placing a 
moderate residual insecticide (carbofuran) under the straw 
in order to avoid the proliferation of termites and direct 
contact with the straw layer. 


Observations and measurements 

Observations on growth parameters started one week 
after the emergence of the first vegetative shoot from the 
plant. The technique of direct observations described by 
FAO (1983) was used. This technique recommends to carry 
out observations and organ sampling on the different 
previously identified zones of the tree. 
The period of observations was divided into 3 periods: 
- Period from the 6th to the 11th month (February - June), 
- 12th to 18th month (July - November), 
- Period from 19th to 24th month (December - April) after 
planting. 
The main parameters that were measured were taken at the 
organ level and on two (02) central plants in each main plot 
(1 plant per variety). 


Measure of growth 

Measurements included: rates of recovery (3 months 
after planting) and survival (24 months after planting) and 
the Growth Unit (GU) complex. At this level, the height, 
the speed of growth of the axis, the number of leaves, the 
phyllochron (time interval between the dates of emergence 
of two (02) successive vegetative shoots, in days) were 
determined. 

The height in cm of the axis was determined at each 
measurement by a ruler (metal ruler in miniature). The 
speed was calculated each time by making the ratio of 
distance to time. 

The phyllochron was determined from each sampling 
date which allowed us to know the number of shoots 
emitted by each GU. From these data we were able to 
determine the number of days between two (02) successive 
vegetative shoots, days corresponding to 50% of the 
population (FAO, 1983). 


RESULTS 


Experimental conditions 

The year 2016 was the wettest year during the study 
period with 1000mm and 2018 a relatively dry year with 
only 800mm of rainfall (Fig. 1). The temperature evolution 
showed that the temperature gradually increases from 
January to reach its maximum in April and early May with 
33.5°C. With the arrival of the monsoon, humid wind, the 
temperature begins to fall from mid-May 28.7°C 
(progressive installation of the rainy season). It starts to rise 
again from September, and then decreases at the end of 
November. The temperature variation curve thus presents 
two maxima: the first one occurs at the beginning of April 
and the second one at the end of October (Fig. 2). 


Experimental results 
The main information obtained on the growth of the 
two (02) varieties of mango through the evaluation of the 
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influence of cultural practices were subject to statistical 
analysis. 


Recovery rate three months after planting 

The recovery rate three (03) months after planting was 
estimated at 100% for the two (02) varieties and this for all 
the cultural practices. The emission of the first true leaves 
after plantation by the graft was realized in two (02) 
months. 


Survival rate 24 months after planting 

Statistical analysis of the 24-month survival rate of the 
two varieties revealed a significant difference between the 
effects of cultural techniques and the effects of varieties. 
However, it did not reveal a significant difference between 
the effects of the cultivation techniques and varieties 
interaction. The application of the Newman-Keuls test at 
the probability threshold (5%) showed three distinct 
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Fig. 1: Annual rainfall data during the experiment years 
(Katibougou weather station, 2016-2018). 
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Fig. 2: Variation curve of monthly temperature data during the 
2016-2018 experimental years (Katibougou weather station, 
2018). 
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Fig. 3: Effect of cultural technique on the survival rate of the 
plants during 24 months. 
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Fig. 4: Effect of variety on plant survival rate for 24 months. 
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Fig. 5: Effect of cultural technique on GU length from 6" to 11" 
month after planting. 


homogeneous groups (A, AB and B) for cultural techniques 
and two groups (A and B) for varieties. The results in Fig. 
3 show that seedling survival was higher in the plowed and 
mulched plots, followed by the ploughed and unplowed but 
mulched plots. Plant survival was lowest in the unplowed, 
unmulched plots. Plant survival is higher for the Kent 
variety than for the Keitt variety (Fig. 4). 


Growth measurement 
At the level of the growth unit (GU) axis 

GU length from 6" to 11" month after planting (AP) 
The analysis of variance showed a highly significant 
difference (P<1%) between the effects of cultivation 
techniques and variety effects. However, it did not reveal 
any significant difference between the effects of the 
cultivation techniques and varieties interaction. Four (4) 
distinct homogeneous groups (A, B, C, and D) for cultural 
techniques and two groups (A and B) for varieties were 
obtained with the application of the Newman-Keuls test at 
the probability threshold (5%). The plowed and mulched 
plots had a higher GU size than the unplowed and mulched 
plots, which in turn had a higher GU size than the 
unploughed and mulched plots; the unplowed and 
unmulched plots had a lower GU size (Fig. 5). The Keitt 
variety was more favorable to increasing GU length 
compared to the Kent variety (Fig. 6). 


GU length from 12th to 18th month after planting (AP) 
A highly significant difference (P<1%) between the 
effects of cultivation techniques and the effects of varieties 
following the analysis of variance. But a significant 
difference between the effects of the cultivation techniques 
and varieties interaction was not detected. The application 
of the Newman-Keuls test at the probability threshold (5%) 
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Fig. 6: Effect of variety on GU length from 6" to 11" month after 
planting. 
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Fig. 7: Effect of cultural technique on the length of the GU 12" 
to 18" month after planting. 
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Fig. 8: Effect of variety on GU length from month 12 to 18 after 
planting. 
showed four (04) distinct homogeneous groups (A, B, C 
and D) for cultural techniques and two groups (A and B) 
for varieties. Plants on mulched tilled plots had a higher 
GU size (29.47cm) than those on non-mulched tilled plots 
(19.83cm). The plowed plots had the 3rd largest GU and 
the unplowed, unmulched plots had the 4th largest GU 
(8.42cm) (Fig. 7). 

The variety Keitt was more favorable to increase the 
GU height compared to the variety Kent with 19.71 and 
15.49cm respectively (Fig. 8). 


GU length from 19 to 24 month after planting (AP) 

Analysis of variance of length showed statistically 
similar results with those obtained during the 12" to 18% 
month after planting. 


Oo Ao) ae 
OD oO FR WN 


Growth speed of GU in cm/day 
) 
ES 


Plowed, 
mulch 


Plowed Plowed 
plots/Kent plots/Keitt 


1,12 


Plowed, 
mulch 


Int J Agri Biosci, 2022, 11(3): 157-164. 


Unplowed, Unplowed, Unplowed, Unplowed, 
mulched mulched unmulched unmulched 


plots/Kent plots/Keitt plots/Kent plots/Keitt plots/Kent plots/Keitt 


Cultivation techniques / varieties 


Fig. 9: Growth speed from months 6 to 11 AP. 


Growth speed of the GU in centimeters per day from 
the 6" to the 11 month after planting (AP) 

The speed curve (Fig. 9) showed a higher growth 
rhythm of the GU of the seedlings on the plowed and 
mulched plots (1.12cm/day) than that of the GU of the 
seedlings on the unplowed and mulched plots. It was also 
noted that the GU of seedlings on ploughed plots grew faster 
than that of seedlings on unplowed, unmulched plots. The 
growth rhythm of the Keitt variety was found to be faster 
than that of the Kent variety for all cultivation techniques. 


Growth speed of the GU in centimeters per day from 
the 12" to 18 month after planting (AP) 

The higher growth rhythm of plant GU on the plowed 
and mulched plots compared to plant GU on the unplowed, 
mulched plots (Fig. 10). The GU of seedlings on plowed 
plots grew faster than that of seedlings on unplowed and 
unmulched plots. As for the GU speed from the 6" to the 11" 
month after planting, the growth speed of the Keitt variety 
was shown to be faster than that of the Kent variety for all 
cultivation techniques from the 12" to the 18 month too. 


Growth speed of the GU in centimeters per day from 
the 19 to 24 month after planting (AP) 

Analysis of variance of speed revealed statistically 
equal results with those obtained during the 12th to 18th 
month after planting. 


Number of leaves from the 6" to the 11" month after 
planting (AP) 

The analysis of variance of the results revealed a 
highly significant difference (P<1%) only between the 
effects of cultivation techniques. It did not reveal any 
significant difference between the effects of varieties and 
those of the interaction of varieties and cultivation 
techniques. The application of the Newman-Keuls test at 
the probability threshold (5%) showed two (2) distinct 
homogeneous groups (A and B). In the plots plowed with 
mulch, unplowed with mulch and plowed plots, the plants 
statistically emerged the same number of leaves and this 
number was statically higher than the number of leaves 
obtained in the plots unplowed without mulch (Fig. 11). 
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Number of leaves from the 12" to the 18" month after 
planting (AP) 

The analysis of variance of the results revealed a 
highly significant difference at P<1% between the effects 
of cultivation techniques, but no significant difference 
between the effects of varieties. Application of the 
Newman-Keuls test at the probability level (5%) showed 
two distinct homogeneous groups (02) (A and B). The 
statistical difference in number of leaves was found mainly 
between the plants on the unplowed, unmulched plots and 
all other plots (Fig. 12). 


Number of leaves from the 19" to the 24" month after 
planting (AP) 

A highly significant difference between the effects of 
cultivation techniques was revealed in the analysis of 
variance, but no significant difference between variety 
effects. The application of the Newman-Keuls test at the 
probability threshold (5%) showed two (02) distinct 
homogeneous groups (A and B). The plants that were 
introduced in the mulched plots, the plowed plots and the 
unplowed mulched plots obtained the highest number of 
leaves and were statistically superior to the plants that were 
introduced in the unplowed unmulched plots (Fig. 13). 


Phyllochron data in days from months 6 to 11 after 
planting (AP) 

The analysis of variance for this period revealed a 
highly significant difference (P < 1%) between the cultural 
technique effects, no significant difference between the 
variety effects. It also did not detect a significant difference 
between the effects of the cultural techniques and varieties 
interaction. The Newman-Keuls test at the significance 
level (5%) showed four (04) distinct homogeneous groups 
(A, B, C and D). Fig. 14 revealed that the seedlings on 
plowed mulched plots achieved phyllochron in less than 
one month (26.5 days) followed by those on unplowed 
mulched plots (27.5 days) and plowed plots (29.5 days). 
Plants on unplowed, unmulched plots achieved 
phyllochron beyond one month (35.5 days). The average 
phyllochron recorded during this period was 29.8 days. 


Int J Agri Biosci, 2022, 11(3): 157-164. 


1,06 


~ 


Growth speed of GU in cm/day 
io) 
ie) 


0,4 
0,2 
0 
Plowed Plowed Plowed, Plowed, Unplowed, Unplowed, Unplowed, Unplowed, 
plots/Kent plots/Keitt mulch mulch mulched mulched unmulched unmulched 
plots/Kent plots/Keitt plots/Kent plots/Keitt plots/Kent plots/Keitt 
Cultivation techniques / varieties 
Fig. 10: Growth speed of the GU from months 12 to 18 AP. 
16 a A A 40 A 
14 35 
Pa B 
3 42 : z 30 D 
a 10 £25 
- iJ 
7 8 20 
2 
§ e 8 15 
2, ie 
2 10 
2 
5 
0 
Plowed, mulched Unplowed, Plowed plots Unplowed, 0 
plots mulched plots unmulched plots Plowed, mulched — Unplowed, Plowed plots Unplowed, 


Cultural techniques 


Fig. 11: Effect of technique on the number of leaves from months 
6 to 11 AP. 
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Fig. 12: Effect of technique on the number of leaves from months 
12 to 18 AP. 


Phyllochron data in days from months 12 to 18 after 
planting (AP) 

A highly significant difference (P<1%) between the 
effects of the cultivation techniques and no significant 
difference between the cultivation techniques and varieties 
in the analysis of variance. The Newman-Keuls test at the 
significance level (5%) showed four (04) distinct 
homogeneous groups (A, B, C and D). The seedlings in the 
plots plowed with mulch and unplowed with mulch 
achieved the phyllochron in less than a month with 
respectively 27 and 28.5 days. On the other hand, the 
phyllochron achieved in more than one month was 
achieved in the plots plowed simply and not plowed 
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Fig. 14: Effect of the cultural technique on the phyllochron from 


months 6 to 11 AP. 
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Fig. 15: Effect of the cultural technique on the phyllochron from 
months 12 to 18 AP. 


without mulch with 33.5 and 39.8 days respectively (Fig. 
15). The average phyllochron for the period was 32.2 days, 
i.e. more than one month. 


Phyllochron data in days from months 19 to 24 after 
planting (AP) 

The analysis of variance revealed a highly significant 
difference (P<1%) between the effects of cultural 
techniques and between variety effects. The Newman- 
Keuls test at the significance level (5%) showed three (03) 
distinct homogeneous groups (A, B and C) for the cultural 
techniques. Fig. 16 below shows that the plants in the 
mulched plots achieved phyllochron in less than one month 
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Fig. 16: Effect of the cultural technique on the phyllochron from 
months 19 to 24 AP. 
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Fig. 17: Effect of variety on phyllochron from months 19 to 24 
AP. 


as well as those in the unplowed mulched and plowed plots. 
The phyllochron of more than one month is observed on the 
unplowed, unmulched plots. An average phyllochron of 
26.5 days was recorded during this period. 

The two varieties used all completed their phyllochron in 
less than one month; however, it should be noted that the 
variety Keitt was able to reduce the time to complete the 
phyllochron by one day compared to the variety Kent with 
26 and 27 days respectively (Fig. 17). 


DISCUSSION 


The objective of this study was to test techniques for 
improving growth resilience of Kent and Keitt mango 
varieties under climate variability. During the years of the 
experiment, cumulative annual rainfall gradually decreased 
from 1002 mm of rain in 2016 to 822 mm of rain in 2018. 
This trend of decreasing annual rainfall amounts is in 
agreement with that mentioned in the case of a previous 
analysis of 1981-2014 data by Traoré (2015). During the 
three years, annual temperatures had two maxima, the first 
occurring in early April with 33.5°C and the second in late 
October with 29.2°C. The same months are reported by the 
Koulikoro weather station as the warmest periods over the 
past 20 years, with average monthly values of 40°C and 
35°C in April and October, respectively (www.donneesm 
ondiales.com Station météo Koulikoro). Faced with 
decreasing rainfall amounts and increasing temperatures, 
mango plantations become vulnerable to the effects 
generated (PROMISAM, 2008), especially in the first years 
of planting (Vayssieres et al., 2007; Dambreville, 2012). 
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The increase in temperature and high interannual 
variability in rainfall amounts negatively impact the 
productivity of mango orchards in general and those with 
Kent and Keitt varieties (DRA, 2016). A 100% recovery 
rate observed three months after planting with all the 
cultural practices tested and with both varieties. This good 
recovery rate is explained by the planting of mango 
seedlings during the rainy season (July). The seedlings 
especially received enough water at the start. Young plants 
require regular and sufficient watering, especially during 
planting, to ensure good recovery (Nadie et al., 2009). The 
survival rate obtained 24 months (2 years) after planting is 
acceptable with all the cultivation techniques applied. The 
best survival rate (99.5%) was obtained on the plowed and 
mulched plot, followed by the unplowed but mulched and 
plowed but not mulched plots. The low survival rate 
(86.67%) was observed on the control plot which was 
neither plowed nor mulched. The good survival rate of 
young plants is explained by the morphogenetic structure 
of the mango tree, which is a good example of survival. 
Indeed, its strong and deep roots allow it to get the water it 
needs in the deep layers, and thus to survive in case of 
drought (Pardessus, 2002; https://jardinage.lemonde.fr). 
The Kent variety had a higher survival rate than Keitt with 
95.42 and 92.42% respectively. The Kent variety is a 
reproductive variety but above all resistant which makes it 
a reference variety produced in most Latin American and 
African mango exporting countries (UNCTAD, 2016). 

All organs of a plant result from growth and 
development processes (Bell, 1991). Under unfavorable 
feeding conditions (water and mineral), mango growth 
slows down, leaves lose vigor and wilt (Nadie et al., 2009). 
The mulched plots gave the best results of growth 
measurements on the Growth Unit (GU) complex in terms 
of height, axis growth rate and number of leaves during the 
three observation periods: from 6" to 11", 12" to 18" and 
19" to 24" months after planting. This good result is mainly 
due to the combination of plowing and mulching. Several 
studies have shown the importance of plowing and 
mulching in agriculture. Plowing reduces soil compactness 
to facilitate root growth, increase water infiltration, 
stimulate the activity of soil organisms (FAO, 2015). 
Mulching retains water by limiting its evaporation under 
the feet of the plants. Indeed, through mulching, water 
remains in the soil over a longer period of time. The water 
is available to the plants for a long time and provides them 
with an environment that is more conducive to their growth 
due to the available water. The phenomenon of leaching 
and leaching is reduced by the presence of a mulch, which 
limits the impoverishment of the soil (https://blog.defi- 
ecologique.com). The unplowed but mulched plots were 
still slightly better than the plowing without mulch and the 
unplowed and unmulched (control) plots. 

The phyllochron is the time interval between the 
sequential emergence of successive leaves on the main 
stem of a plant (Bunting et al., 1965). In this study we 
estimated the duration of the phyllochron in days during the 
three periods, for each cultural technique and with the two 
varieties. The analyses revealed that the shortest duration 
(less than one month) of phyllochron was observed with the 
plowing and mulching technique in all three periods of the 
experiment. This shows that this technique improves the 
speed of plant growth. The speed of plant development 


before flowering is usually characterized by the rate of 
primordia production, the rate of visible leaf emission and 
the rate of completion of successive leaf blades (Rickman 
and Klepper, 1995). The longest average duration (32.2 
days) was found during the period from the 12th month to 
the 18th month (July - November) after planting. The 
shortest duration was less than one month (26.5 days) 
during the 19th to 24th month (December - April) after 
planting. These results indicate the influence of period on 
phyllochron duration. Cao and Moss (1989a) and Masle et 
al. (1989) suggested that photoperiod is also a factor that 
can influence phyllochron. Several authors have shown that 
among the environmental factors, temperature is the 
predominant factor affecting phyllochron (Gallagher, 
1979; Baker et al., 1980; Kirby et al., 1982a; Hay and 
Delécolle, 1989; Cao and Moss, 1991). The study also 
revealed a significant difference of one day in phyllochron 
duration between the Keitt and Kent variety with 26 and 27 
days, respectively, during the 19th to 24th month 
(December - April) after planting. This result may be due 
to different photoperiod and temperature responses of the 
varieties. 


Conclusion 

The objective of this study was to follow the 

physiological evolution of two mango varieties using 
different cultivation techniques in order to identify the one 
that best adapts to water deficit. The choice of techniques 
was motivated by their accessibility to the planters. 
On the whole of the growth characters studied like the 
survival rate, the height and the speed of the GU, the 
number of leaves, the duration of the phyllochron through 
the various cultural techniques. The technique that proved 
to be the best in improving growth traits such as survival 
rate, speed of the GU, height, number of leaves, and 
phyllochron duration is the one that combines plowing with 
mulching. 

The results will enable decision-makers and 
technicians in charge of the development of the mango 
sector to increase awareness among planters of the 
adoption of the technique that combines plowing and 
mulching with a 30 cm thick layer with the Kent and Keitt 
varieties. 
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ABSTRACT 


An experiment was conducted during rabi season of 2021-2022 at the Agronomy Research Farm, Department of 
Agronomy, Faculty of Agriculture, University of Agriculture, Faisalabad, Punjab, Pakistan, to study the appropriate 
dosage of Organic matter and vermicompost for wheat germination and growth under drought conditions. The experiment 
was laid out in a randomized complete block design (RCBD) with twelve treatments (1) clay Soil at 100% field capacity 
(F.C) (T1: control, T2: V.C@ 5g/2kg of soil, T3: O.M@15g/2kg of soil), (2) sandy soil at 100% F.C (14: control, TS: 
V.C@ 5g/2kg of soil, T6: O.M@15g/2kg of soil), (3) clay soil at 50% F.C (T7: Control, T8: V.C@ 5g/2kg of soil, T9: 
O.M@15¢g/2kg of soil), (4) sandy Soil at 50% F.C (T10: control, T11: V.C@ 5g/2kg of soil, T12: OM@15g/2kg of soil), 
and replicated three times. Results indicate that the growth parameters, clay soil at 50% F.C and sandy soil at 100% F.C 
have (109.34 t/ha) found highest in combined application of organic matter@15g/2kg + vermicompost @5g/2kg. 


Key words: Drought stress, Vermicompost, Organic matter, Wheat, Tolerance, Germination 


INTRODUCTION 


Wheat (Triticum aestivum) is staple food and one of 
the main crops of Pakistan (Bashir et al., 2022). It is sown 
on area of 9 lac hectares with production of 27 million 
tones. With constantly increasing population, despite of 
increase in the production of wheat in country, the need and 
demand of wheat is increasing day by day. However, wheat 
has higher yield potential, but different environmental 
stresses like drought, water excess, heat, salinity and cold 
affects its growth and in return decreases its yield (Ahmad 
and Hussain, 2022). Among these stresses, drought stress 
is major constraint in reduction of wheat yield. The plant 
suffers from the drought stress when the loss of water from 
the plant by transpiration through the leaves surface 
exceeds the water uptake by the plant through roots 
(Haroon et al., 2022). 

Vermicompost increases the microbial activity in the 
soil, increases the soil productivity, makes soil more porous 
and increases the availability of oxygen and improves the 
quality and quantity of plant growth (Blouin et al., 2019). 
The recent research showed on vermicompost, the 
importance of earthworms. They increase the microbial 
activity in the soil. In present times, heavy doses of 
synthetic fertilizers are used by farmers for getting higher 


yield, but these synthetic fertilizers decrease the soil 
fertility, causes effects on both environment and human 
health (Benaffari et al., 2022). By considering the above 
affects many scientists showed the interest towards the 
organic cultivation by using manures and vermicompost. 
Vermicompost and organic matter (O.M) contents in the 
soil are an excellent amendment and source of nutrients for 
main fields and nursery beds of crops (Feizabadi et al., 
2021). Role of vermicompost in nourishing agricultural 
crops has attracted the attention of researchers throughout 
the globe in past few decades. In Pakistan, 2020, wheat 
production for Pakistan was 24,946 thousand tones. Higher 
yield and profit motivate the farmers to grow wheat. The 
vermicompost treatment increase the fresh weight, plant 
number, shoot and root weight than the control treatment 
respectively (Ahmad ef al., 2022). By application of 
organic matter and vermicompost there was a significant 
improvement in plant growth and morphology (higher 
number of leaves and leaf area, and increased root volume 
and branching) of wheat plant. Organic manure has been 
widely used as it is available at low-cost and it improves 
crop plants characteristics compared with synthetic 
fertilizer (Bairagya, 2019; Lazcano et al., 2009). Application 
of vermi-compost can improve soil organic carbon, nitrates, 
phosphates and exchangeable bases for plants. 
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Table 1: Fresh weight of Wheat Plant; Application of Vermicompost and Organic matter 


Plant Fresh Weight (g) 


RI R2 > R3~ Mean SD SE CV 
100% Field Capacity Control TO 9 8 12. 9.67 2.08 1.20 21.53 
Vermi-compost T4 12 8 12 9.67 2.08 = 1.20 21.53 
Organic Matter T8 12 11 11 11.33 0.58 0.33 5.09 
Clay Soil 
50% Field Capacity Control Tl 10 9 11 10.0 1.00 0.58 15.80 
Vermi-compost TS 14 12 11 12.33 1,53 0.88 12.39 
Organic Matter T9 14 11 14 ~~ 13.00 1.73 1.00 13.32 
Control T2 9 11 12 10.67 1.53 0.88 24.12 
Vermi- compost T6 9 10 7 8.67 1.53 0.88 17.63 
Organic Matter T10 5 4 3 4.00 1.00 0.58 25.00 
Sandy Soil 
Control T3 5 8 6 6.33 1.53 0.88 24.12 
Vermi- compost T7 5 7 8 6.67 1.53 0.88 22.91 
Organic matter Tll 3 3.5 4 3.50 0.50 0.29 14.29 
Table 2: Root Length of Wheat Plant 
Root Length(cm) 
RI R2 R3 Mean SD SE CV 
100% Field Capacity Control TO 43 40 42 41.67 1.53 0.88 2.12 
Vermi-compost T4 44 44 46 44.67 1.15 0.67 1.49 
Organic Matter T8 38 36 39 37.67 1.53 0.88 2.34 
Clay Soil 
50% Field Capacity Control Tl 39 40.5 38 39. 1.26 0.73 1.86 
Vermi-compost T5 51.5 48 50 49.83 1.76 1.01 2.04 
Organic Matter T9 48 45 49 47.33 2.08 1.20 2.54 
Control T2 49.5 50 52 50.50 1.32 0.76 1.51 
Vermi- compost T6 58 56 56.5 56.83 1.04 0.60 1.60 
Organic Matter T10 44 41.5 46 43.83 2.25 1.30 2.97 
Sandy Soil 
Control T3 27 25 28 26.67 1.53 0.88 3.31 
Vermi- compost T7 40 39.7 41.5 40.40 0.96 0.56 1.38 
Organic matter Tll 24.5 21 23 22.83 1.76 1.01 4.45 
Table 3: Shoot Length of Wheat Plant 
Shoot Length(cm) 
RI R2 R3 Mean SD SE CV 
100% Field Capacity Control TO 30 28.5 28 28.83 1.04 0.60 2.09 
Vermi-compost T4 24.3 26 25.5 25.33 0.76 0.44 1.76 
Organic Matter T8 23.5 25 23,5 24.00 0.87 0.50 2.09 
Clay Soil 
Control Tl 28 27.5 26 27.30 1.13 0.65 2.39 
50% Field Capacity Vermi-compost TS 31.5 30 29 30.17 1.26 0.73 2.41 
Organic Matter T9 29 28.3 27 28.10 1.01 0.59 2.09 
Control T2 18 19.2 17.4 18.20 0.92 0.53 2.91 
Vermi- compost T6 29 30.4 29.5 29.63 0.71 0.41 1.38 
Organic Matter T10 21 22.2 24 22.40 1.51 0.87 3.90 
Sandy Soil 
Control T3 21 20.6 19 20.20 1.06 0.61 2.03 
Vermi- compost T7 23 24.5 22 23.17 1.26 0.73 3.14 
Organic matter Tll 16 17.3 16.5 16.60 0.66 0.38 2.28 
MATERIALS AND METHODS Two types of field capacity were maintained for 


Site and Treatments Description 

Two sets of experiments were performed at agronomy 
farm, University of Agriculture (UAF) on 02-11-2021. As 
it was a pot experiment, each pot weighted 100g. There was 
total 36 pots. Total 12 treatments were given and each 
treatment had three replications. There were two main 
divisions of soil type: sandy and clay loam. 

Soil for experiment was collected from different fields 
at agronomy farm. Two kg soil was added per pot, then 
organic matter and vermicompost was mixed in this soil. 
The recommended and calculated dose of organic matter 
and vermicompost was 7.5g and 2.5g per kg respectively. 
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experiment: 50% and 100%. 

The first set of experiment was consisting of pots with 
sandy soil. Pots with sandy soil and 100% FC under 
control conditions had total weight of 2380g, having net 
weight of 100g(pot), 2000g of soil and 280ml of water. And 
pot with 50% FC had total weight of 2240, having net 
weight of 100g (pot), 2000g of soil and 140ml of water. 
Each pot in this set containing O.M and V.C had an 
additional weight of 15 and 5g in total. The second set of 
experiment consists of clay loam pots. Pots with clay loam 
soil and 100% F.C. under control conditions had total 
weight of 2540g, having net weight of 100g (pot), 2000g of 
soil and 440ml of water. And pot with 50% F.C. had total 


weight of 2320, having net weight of 100g (pot), 2000g of 
soil and 220ml of water. Each pot in this set containing 
O.M and V.C had an additional weight of 15g and 5g 
respectively. 

As the whole experiment was based on F.C. so our 
main objective was to maintain FC on daily basis. The 
average water required to maintain 100% F.C. in sandy soil 
under control conditions was 50ml/pot,14ml/pot in pot 
having V.C. and 27ml/pot in pot having Organic Matter 
plus Sandy soil. 

The average water required to maintain 100% FC in 
clay soil under control conditions was 40m1/pot, 9ml/pot in 
pot having V.C and 20ml/pot in pot having Organic Matter 
plus Clay soil. The average water required to maintain 50% 
FC in sandy soil under control conditions was 25ml/pot, 
7ml/pot in pot having V.C. and 13ml/pot in pot having 
Organic Matter plus Sandy soil. 

The average water required to maintain 50% F.C. in 
clay soil under control conditions was 20m1/pot, 4ml/pot in 
pot having V.C and 10ml/pot in pot having Organic Matter 
plus clay soil. In sandy soil overall wheat growth was not 
good but roots growth was high or very well comparatively 
in Clay soil. No. of tillers formation and shoot length was 
short in sandy soil comparatively in clay soil. Tip of wheat 
in sandy soil was yellow 


RESULTS AND DISCUSSION 


The current study assessed wheat performance for 
morphological traits involved in normal plant growth and 
production under drought stress conditions when 
vermicompost and organic manure was applied. Drought 
stress had a considerable negative impact on the wheat 
crop's performance when compared to the control, mostly 
through the generation of reactive oxygen species (ROS), 
which changed the leaf water potential, led to protein 
denaturation, and eventually impacted crop yield (Farooq et 
al., 2021). Due to a substantial reduction in cell turgidity 
and protoplasmic dehydration, prolonged drought also 
slows down plant development and crop yield. Our findings 
demonstrated that the use of vermicompost under drought 
stress greatly increased wheat morphological, 
physiological and enzymatic antioxidant activity. 
Vermicompost increases the availability of nutrient that are 
essential for plant growth. The application of 
vermicompost shows the great response and plant growth 
increases effectively. The significant increase in plant 
height was observed by the application of vermicompost 
under the 50 percent field capacity in clay soil. Plant root 
and shoot length revealed noticeable increment due to 
vermicompost. The sandy soil with 100 percent field 
capacity shows the best results after application of 
vermicompost in the sandy soil. The plant fresh weight (as 
shown in Table 1) indicates the better utilization of nutrient 
in the presence of vermicompost as compared to organic 
matter. The plant root-shoot length is also more in 50 
percent field capacity in the clay soil and 100 percent field 
capacity in the sandy soil (Table 2 and 3). The variation in 
the plant height indicates that the application of 
vermicompost is more effective in the drought conditions 


167 


Int J Agri Biosci, 2022, 11(3): 165-167. 


as compared to organic matter. The plant shoot length is 
less in the presence of organic matter (as shown in Table 
3). Similar results for root and shoot length were reported 
by (Ahmad et al., 2022; Jindo et al., 2016). 


Conclusion 

Soil-applied vermicomposting and organic manure are 
practical methods to alleviate wheat drought damage. 
Vermicompost application, especially at a high rate, 
significantly boosted the growth and of studied genotypes 
in response to drought stress. Thus, wheat genotypes 
promote superior development under drought stress by 
application of vermicomposting and organic manure. 


REFERENCES 


Ahmad A, A Zubair, H Saddam, J Talha, H Sadam, B Safdar, H 
Iqtidar et al., 2022. "Soil Application of Wheat Straw 
Vermicompost Enhances Morpho-Physiological Attributes 
and Antioxidant Defense in Wheat Under Drought 
Stress." Frontiers in Environmental Science : 387. 

Ahmad MU and I Hussain, 2022. Prediction of Wheat Production 
Using Machine Learning Algorithms in northern areas of 
Pakistan. Telecommunications Policy, 46(6), 102370. 

Bairagya MD, 2019. "Effect of FYM and Vermicompost on Yield 
and Economics of Rabi Tomato (Lycopersicon 
esculentum)." International Journal of Agriculture Sciences, 
ISSN: 0975-3710. 

Bashir MH, M Afzal, MS Nawaz, AZ Khan, S Aziz, F Ullah and 
M Qasim, 2022. Characterization and advancement of 
microsatellite (SSR) markers for various stresses in wheat. 
International Journal Agriculture Bioscience, 11(2): 131- 
138. 

Benaffari W, B Abderrahim, A Mohamed, AEM Mohamed, AR 
Youssef, BL Raja, AH Ben, M Toshiaki, B Marouane and M 
Abdelilah, 2022. "The native arbuscular mycorrhizal fungi 
and vermicompost-based organic amendments enhance soil 
fertility, growth performance, and the drought stress 
tolerance of quinoa." Plants 11, no. 3: 393. 

Blouin M, B Julien, M Nicolas, L Siléne, B Sébastien and M 
Jéréme, 2019. "Vermicompost significantly affects plant 
growth. A meta-analysis". Agronomy for Sustainable 
Development 39, no. 4 (2019): 1-15. 

Feizabadi A, N Ghorban and F Foad, 2021. "Changes in growth, 
physiology, and fatty acid profile of rapeseed cultivars 
treated with vermicompost under drought stress." Journal of 
Soil Science and Plant Nutrition 21, no. 1: 200-208. 

Haroon M, W Xiukang, A Rabail, ZM Mubashar, I Fahad, B 
Maria, KA Saboor and I Muhammad, 2022. "Novel Plant 
Breeding Techniques Shake Hands with Cereals to Increase 
Production." Plants 11, no. 8: 1052. 

Farooq, M. A., Zhang, X., Zafar, M. M., Ma, W., & Zhao, J. 
(2021). Roles of Reactive Oxygen Species and Mitochondria 
in Seed Germination. Frontiers in Plant Science, 12. 

Jindo K, C Chocano, J Melgares de Aguilar, D Gonzalez, T 
Hernandez and C Garcia, 2016. "Impact of compost 
application during 5 years on crop production, soil microbial 
activity, carbon fraction and humification 
process." Communications in Soil Science and Plant 
Analysis 47, no. 16: 1907-1919. 

Lazcano C, J Arnold, JG Zaller, MJ Dominguez and SA Tato, 
2009. "Compost and vermicompost as nursery pot 
components: effects on tomato plant growth and 
morphology." Spanish journal of agricultural research 4: 
944-951. 


P-ISSN: 2305-6622; E-ISSN: 2306-3599 
International Journal of 
Agriculture and Bioscignegs 


www.ijagbio.com; editor@ijagbio.com 
https://doi.org/10.47278/journal.ijab/2022.023 


Research Article 


Effects of time and weeding method on the regeneration and growth of Japanese 
yam (Dioscorea japonica) vines and tubers in tea gardens 


Hidehiro Inagaki!” and Kasumi Ishiwata! 


‘Center for Education and Research in Field Sciences, Shizuoka University, 63 Kariyado Fujieda 426-0001, Japan 
*Corresponding author: inagaki.hidehiro@shizuoka.ac.jp 


Article History: 22-289 Received: 01-Aug-2022 Revised: 17-Sep-2022 Accepted: 04-Oct-2022 


ABSTRACT 


For the weed control of Japanese yams, farmers pull out the vines by hand because the chemical control of Japanese 
yams in tea plantations is difficult as the vines grow from the area below the tea trees, where the herbicides have limited 
reach. This study compared the regeneration and growth of vines after controlling weeds using the following methods: 
1) cutting the vine at 30 cm height, 2) cutting the vine at ground level, and 3) pulling out the vine from the base (at the 
node of the tuber and vine). All three treatments were performed during three weeding seasons to determine the most 
effective method and time to control Japanese yams in tea gardens. In addition, we investigated the deterioration of old 
tubers and the formation of new tubers by studying their weight changes because each old tuber disappears and forms a 
new tuber each year. However, our results indicated that new tubers were formed before the disappearance of old tubers, 
and there were no border time periods where both old and new tubers were absent. Furthermore, the new tubers grew in 
a short period from July to August. Therefore, we recommend repeatedly pulling out Japanese yam vines during July 
for effective weed control. Moreover, when vines of Japanese yam were not pulled out completely or were cut in May 
or July, branches grew rapidly and reached the canopy of tea trees after 2-4 weeks. Furthermore, when vines were 
pulled out at the ground level, 40 % of vines reached the canopy after one month. Therefore, it is difficult to control 


Japanese yam completely by pulling out vines alone. 


Key words: Japanese yam (Dioscorea japonica), Vine weed, Tea garden, Tuber, Hand weeding 


INTRODUCTION 


Japanese yam (Dioscorea japonica) is a perennial 
plant of Dioscoreaceae that is widely found at forest 
margins and in forests in Japan (Hori, 1984). Traditionally, 
Japanese yam was collected from its natural habitat and 
used as food. Currently, it is cultivated as a local vegetable 
(Inagaki and Ishiwata, 2022). However, Japanese yam is 
the most troublesome weed species in Japanese tea gardens 
(Seo, 2012; Ichihara et al., 2020). The chemical control of 
Japanese yam is difficult because Japanese yam vines grow 
from the area below the tea tree. In addition, Japanese yam 
vines grow thickly on the canopy of tea trees and get mixed 
in during the tea harvest, reducing the quality of the tea. 
Currently, there is no effective method to control Japanese 
yam, and farmers have to pull out the vines from their base 
by hand, which is a laborious task (Japan Soil Association, 
2012; Seo, 2016). In fact, weeding accounts for 10-20 % 
of the labor hours in the management of Japanese tea 
gardens (Obata, 1987). In organic farming tea gardens, 


weeding accounted for 80 % of the labor hours (Ichihara, 
2020). However, although weeding of Japanese yams in tea 
gardens requires considerable time and effort, the 
effectiveness of the hand-pulling method of weed control 
for managing Japanese yams is unknown. 

When the Japanese yam vine is pulled out from the 
root base, the vine comes off at the node between the base 
of the vine and the tubers, allowing the vine to be removed 
completely. However, because Japanese yams in tea 
gardens are entangled with the roots of the tea plants, it is 
not possible to remove the grown yam by pulling, even if 
the vine can be pulled out by pulling (Iinagaki and Ishiwata, 
2022). Therefore, there is concern that the vines will 
regenerate from the remaining tubers. In addition, Japanese 
yam vines may get cut in the middle without being pulled 
out from the base. It is difficult to completely remove the 
vine from its base, especially if the vine is entangled with 
the tea plant or with other vines of Japanese yam. If the vine 
is cut in the middle, the severed vine remains under the 
canopy of the tea plant. In recent years, weeding machines 
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have been developed to remove Japanese yam vines. 
Methods of harvesting vines at the surface of the canopy of 
tea trees and removing them by winding vines at the surface 
of the tea canopy have been employed in these machines. 
However, it is difficult to pull out the vines of Japanese 
yam from the base using these machines, and although the 
upper part of the vines on the picking surface can be 
removed, there is concern that vines may remain. 
Therefore, in this study, in order to clarify the effects on 
subsequent regeneration and growth of remaining vines, we 
investigated the regeneration and growth of Japanese yam 
vines 1) when vines were cut at the middle, 2) when vines 
were cut at the ground level, and 3) when vines were 
extracted from the base. 

Hand weeding of Japanese yam is often done before 
the second tea harvest season in June or July (Japan Soil 
Association, 2012). This weeding is only intended to 
prevent Japanese yam vines from contaminating the tea 
leaves during tea harvesting. Therefore, it is unclear 
whether the control of the vines at this time is effective in 
suppressing the overgrowth of Japanese yams in tea 
gardens. The vines of Japanese yam grow with nutrients 
from the old tubers, and the old tubers lose nutrients and 
disappear. Subsequently, a new tuber is formed to 
accumulate the nutrients obtained through photosynthesis 
(Fujimura, 1989; Yoshida, 2019). In this way, Japanese 
yams grow larger tuber as they are renewed. This suggests 
that enlargement of the Japanese yam tuber could be 
effectively suppressed if the vines are pulled out after the 
wastage of the old tuber and before the new tubers are 
formed. Therefore, this study also investigated the timing 
of old tuber wastage and new tuber formation in order to 
determine the appropriate timing for pulling out the vines. 


MATERIALS AND METHODS 


Study area 

This study was conducted in a test field and tea garden 
at the Center for Education and Research in Field Sciences, 
Shizuoka University (Kariyado, Fujieda city, Shizuoka 
Prefecture, Japan; 34°54'18.8" N, 138°16'19.7" E). Tea 
trees have been cultivated in this field using conventional 
farming methods since 1974. 


Old tuber wastage and new tuber formation 

Tubers (approximately 50 g weight, 20 cm length) 
obtained from Japanese yam propagules cultivated for one 
year were used in the experiment. On April 6, 2020, 10 
tubers were buried in the test field at 30 cm intervals, and 
three posts were erected so that the vines would wrap 
around them. 

Each of the five plants was dug up, and the weights of 
old and new tubers were measured on June 8, July 15, and 
August 3, 2020. 


Effects of pulling out or cutting vines 

Japanese yams growing naturally in three 6 m rows 
in a 'Yabukita' tea garden were used for the experiment. 
Three weeding treatments were performed: 1) cutting the 
vines at 30 cm height, 2) cutting the vines at ground level, 
and 3) pulling out the vines at the base (at the node of the 
tuber and vine). One treatment consisted of five Japanese 
yam plants. Each treatment was performed on three days 
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(three weeding seasons): May 29, July 20, and August 31, 
2020. The percentage of vines reaching the canopy of tea 
trees was determined once a week. 


RESULTS AND DISCUSSION 


Old tuber wastage and new tuber formation 
The weight of the old tubers decreased slightly on June 
8 (Fig.1). During this time, small new tubers (less than 1 
cm in size) were observed. About a month and a half later, 
on July 15, the weight of the old tubers was about half that 
of the planted weight, and the weight of the new tubers was 
the same as that of the old tubers. About another month and 
a half later, on August 31, the old tubers had decreased to 
less than 10 g in weight. In contrast, the new tubers had 
enlarged to a weight exceeding the 50 g weight of the old 
tubers at planting. Thus, while the size of old tubers 
decreased slowly, the new tubers grew in a short period of 
time. It has been reported that the growth of new tubers of 
Japanese yam is accelerated by short-day conditions (Sato 
et al., 1995; Shiwachi et al., 2000) and that new tubers grow 
rapidly from July to August under cultivation conditions 
(Naito, 1987). In this study, the timing of new tuber 
formation was consistent with that of the previous studies. 
Moreover, vines of Japanese yam grow using nutrients 
from old tubers, and new tubers are formed to accumulate 
photosynthetic products (Hori, 1984). Therefore, if there is 
a border time period where the old tubers are exhausted, 
but the new tubers have not formed yet, it would be an 
appropriate time to control Japanese yams in the tea garden. 
However, this study revealed that new tubers formed before 
the old tubers were exhausted, and there were no border 
time periods where both old and new tubers were absent. 


Effects of pulling out or cutting vines 

When vines of Japanese yam were cut at 30 cm height in 
May, 40 % of the vines reached the canopy of tea trees after 
two weeks of the cutting treatment, and 100 % of the vines 
reached the canopy after three weeks (Fig.2 a). When vines 
of Japanese yam were cut at the ground level, no vine 
regeneration was observed until the third week after 
treatment, and 80 % of the vines reached the canopy after 
four weeks (Fig.2 a). When vines were pulled out at the 
ground level, only 30% of the vines reached the canopy five 
weeks after treatment (Fig.2 a). 

When vines of Japanese yam were cut at 30 cm height in 
July, 40 % of the vines reached the canopy of tea trees after 
three weeks of the cutting treatment, and 80 % of the vines 
reached the canopy after three weeks (Fig.2 b). When vines 
of Japanese yam were cut at the ground level, 40 % of the 
vines reached the canopy of tea trees after two weeks of the 
cutting treatment. When vines were pulled out at the 
ground level, 40 % of the vines reached the canopy after 
five weeks (Fig.2 b). The direct damage due to Japanese 
yam is caused by the vines that thrive on the canopy of tea 
plants, contaminating the tea leaves during harvest. 
Therefore, there is not a direct problem if the vines of 
Japanese yam do not reach a height of 60-70 cm or less, 
which is the height of the tea tree canopy. However, our 
results showed that when vines of Japanese yam were cut 
or pulled out in May or July, the vines regenerated quickly 
and reached the canopy of tea trees in a short period of 2 to 
4 weeks. In addition, cutting treatment or pulling treatment 
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Fig. 1: Changes in the weight of old and new tubers. Error bar 
indicates standard deviation. 
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Fig. 2: Percentage of Japanese yam vines reaching the canopy of 
tea trees after weeding using three different methods during three 
weeding seasons: on May 29 (a), July 20 (b), and August 31 (c). 


in July tended to promote faster vine regeneration, with 
higher percentages of vines reaching the canopy of tea trees 
in the first and second weeks after treatment, compared to 
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these treatments in May. However, the final percentage of 
vines reaching the canopy was lower with treatments in 
July than with treatments in May. 

Currently, tea farmers control Japanese yams by pulling 
them out individually by hand. 
The Japanese yam has a node between the tuber and the 
base of the vine, and the vine can be pulled out at this node 
if the base of the vine is held firmly and pulled out. 
However, in practice, the vines often break off in the 
middle when attempting to pull them out. Generally, the 
second harvest of tea is obtained during June-July. This 
study indicated that when vines were cut during this season, 
the vines quickly regenerated to the picking surface in just 
one week. Therefore, it is important to conduct weeding 
operations just before harvest time. 

Interestingly, vines did not reach the canopy of tea trees 
in all treatments, including cutting treatment and pulling 
treatments, performed at the end of August (Fig. 2 c). When 
the vines were cut at 30 cm height, all vines left after 
cutting died within two weeks, and no side branches or new 
vines were observed. When the vines were cut at the ground 
level, although vine regeneration was observed in two of 
the five plants, vines did not reach the canopy of tea trees. 
These results suggest that cutting is effective for 
controlling Japanese yam at the end of August, even though 
the vines are not completely removed. Notably, cutting at 
30 cm height did not result in vine regrowth, and it is 
possible that cutting at a higher height may be effective for 
Japanese yam control at this time of year. 


Conclusion 

When vines of Japanese yam were cut in May or July, 
vines regrew and reached the canopy of tea trees in 2-4 
weeks. Even when the Japanese yam vines were pulled out 
completely, approximately 40 % of the vines reached the 
canopy of tea trees in one month. These results suggest that 
it is difficult to control Japanese yam by only removing 
vines. Furthermore, although the old tubers were not 
completely eliminated before new tubers were produced, in 
July, the old tubers began to disappear, and the new tubers 
were still small. Therefore, it is expected that repeated vine 
removal beginning in July will help to wear out the tubers. 
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ABSTRACT 


Wheat is staple food in many countries and a key cereal crop of the world. In Asia and south Asian areas wheat is the 
second leading cereal crop and it is providing 68% of energy. It provides trace elements, carbohydrates and protein to 
our body. Drought stress is a major problem and threating crop productivity around the world. It affects wheat crop at 
all growth stages and reduces its yield potential from 10-90%. So, there is dire need to develop drought tolerant wheat 
varieties. This study was conducted by using ten high yielding varieties of wheat. These varieties were sown under 
normal conditions and drought stress under randomized complete block design with three replications. The data was 
collected for plant height, number of productive tillers per plant, spike length, peduncle length, number of spikelets per 
spike, number of grains per spike, yield per spike, yield per plant, 1000-grain weight. Analysis of variance was executed 
and results were analyzed. The results showed that all characters were showing highly significant results for irrigation 
and genotypes except spike length. Interaction of irrigation and genotypes showed non-significant results for grains per 
spike, grain yield per spike, yield per plant and 1000-grain weight but show significant for spikelets per spike and highly 
significant for plant height number of tillers per plant and peduncle length. The graphical representation of genotypes 
under normal condition and drought stress was done by mean values. Inqlab-91 performed good for grain yield, yield 
per plant and 1000-grain weight under both levels of irrigation followed by Galaxy-13. Genotypes C-273 and C-250 
were tallest under normal irrigation. Thus, results obtained from this research will be useful in selecting best genotypes 
for rainfed and water stress environment in future breeding programs. 


Key words: Wheat, Drought, Tillers 


INTRODUCTION 


Wheat (Tritium aestivum L.) belongs to the grass 
family (poaceae) and an important cereal crop in many 
countries. Wheat attributes 35% of total world food 
consumption (Mohammadi-joo ef al., 2015). In Asia and 
South Asian areas, it is the second leading cereal crop and 
it is providing 68% of energy (Shewry, 2009). Wheat plays 
a vital role in human diet in the form of protein, 
carbohydrates and calories. Due to its wider adaptation 
wheat is sown as a rain-fed and irrigated crop (Monneveux 
et al., 2012). Wheat is sown on over and above the area of 
215000 thousand hac/anum with the production of 725000 
thousand tons in the year 2014 and it stands broadly grown 
crop in the world. It is the essential food in many countries 
and serving 30% of the world population. Among all the 
genotypes bread wheat individually gives the 95% of world 


wheat production (FAOSTAT, 2015). Wheat supply will 
be a challenging factor in future as the fast-growing world 
population will require 60% increase in yield by 2050 than 
today (McKersie, 2015). 

Drastic changes occurred in climate and fast increasing 
population leads to the food security worldwide (Lesk et 
al., 2016). Due to changes in climate the reduction in 
precipitation and rainfall caused the global drought stress 
(Lobell et al., 2011). This stress ultimately decreased the 
crop yield by affecting the plant physiology and growth 
patterns (Velikova et al., 2000; Barnabas et al., 2008). 
Recent study from 1985-2015 showed 20-40 % decreased 
in production of wheat and maize due to low water stress 
(Daryanto et al., 2016). World average temperature has 
increased by 0.85°C from last thirty years. Rising 
greenhouse gases alongwith increase in CO> concentration 
became a major issue (Lal, 2004; Friedlingstein et al., 2010). 
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These stresses decreased the wheat crop production and 
due to change in temperature and water stress 6% decline 
occurred in wheat productivity (Asseng et al., 2015; 
Challinor et a/., 2014). Drought stress is a major problem 
and 43% area in the world is affected by it. In Pakistan 
15000 thousand hectares is under various degree of water 
stress, which is the 75% of total cultured area. It causes 
yield reduction in many crops depending upon the duration 
and intensity of stress period. Wheat is an important cereal 
crop of Asia, with great yield potential under optimal 
conditions and due drought its yield potential reduces from 
10 to 90% (Fatima et al., 2018). It showed negative impact 
on seedling stage of crop and resulted in poor germination 
(Hamed et al., 2006). The reduction occurred at early 
growth stage (Ok¢u et al., 2005; Manickavelu et al., 2006; 
Zeid and Shedeed, 2006). 

Drought stress decreased the yield due to the loss of 
turgor pressure and limited the cell growth by impairing the 
mitosis (Taiz and Zeiger, 2006; Nonami, 1998). It reduced 
the leaf size by limiting the leaf expansion (Rucker e¢ al., 
1995). Water stress severely affects the plant fresh weight 
and reduced the dry matter contents (Ke-li et al., 2006). 
Plant height was decreased drastically under drought stress 
in cereals (Budak et al., 2015; Kamara et al., 2003). 

Drought stress decreased the crop production in South 
Africa (Liwani et al., 2019). Water shortage at four stages 
of plant growth severely affects the plant productivity but 
the shortage at anthesis caused drastic reduction in 
pollination and grain formation. The plant photosynthesis 
activity lowered due to water stress which caused reduction 
in plant radiation use efficiency (Akram, 2011). water 
stress caused the yield reduction and during developing a 
breeding program for drought resistant cultivar, knowledge 
about the tolerance mechanism and its physiology is a key 
factor (Clarke et al., 1984; Yoshida et al., 2004). Grain 
yield is most affected parameter and the major concern of 
a breeder and can be improved by enhancing plant 
productivity (Dorigo and Blum, 2005). Thus, the objectives 
of present study was 
1. To identify the varieties which have less effect on fertile 
tillers under drought condition. 

2. To screen out the drought tolerant genotypes which can 
be sown in future to increase the crop production 


MATERIALS AND METHODS 


The experiment was conducted to check the effect of 
drought on the yield and yield related parameters of 10 
varieties of bread wheat. Experiment was executed during 
the Rabi season 2019-20 in the field of department of Plant 
Breeding and Genetics, University of Agriculture 
Faisalabad, Pakistan, in which these varieties of wheat 
were sown. 


1. Inqlab-91 2. Lasani-08 
3. Zincol 4. Eucora-70 
5. T-9 6. C-250 
7. C-273 8. Pak-81 
9. Johar-16 10. Galaxy-13 


The experiment was executed in randomized complete 
block design in which treatments were allocated randomly 
by random number method. The seed of these varieties was 
sown with dibbler to maintain (PxP and RxR) distance in 
the field. The experiment was conducted in two plots. One 
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plot was kept in drought condition (Withholding irrigation) 
and the other plot was provided with normal condition of 
watering. Five plants from each genotype were selected for 
data analysis. 

Data was taken at maturity on different parameters i.e. 


Plant height 

Number of Productive tillers per plant 
Spike length 

Peduncle length 

Number of spikelet per spike 

Number of Grains per spike 

Yield per spike 

Yield plant! 

1000-grain weight 


2 00 SV DN 


Data Collection 
Data was collected from the field experiment of 10 
genotypes grown under normal irrigation and drought stress. 


Plant Height 

Data of each genotype was collected from the field and 
plant height is the major affected trait by drought. At plant 
full maturity stage, the data for the plant height was 
calculated with the help of meter rod in centimeters (cm). 
it was taken from ground to the last tip of spikelet and the 
awns were excluded. In each replication plant height of five 
plants with mother spike was calculated and the average 
value was computed and further analyzed. 


Total Number of Fertile Tillers 

At plant maturity total number of fertile tillers of five 
plants were counted manually from each replication. The 
average value of total number of fertile tillers per plant was 
taken for further evaluation and analyzed. 


Spike Length 

The data of 10 wheat genotypes was computed grown 
in three replications under normal irrigation and drought 
stress. Spike length of mother tillers was taken with the 
help of meter rod in centimeters. In spike length 
measurement awns were excluded. It was taken from the 
base of spike to the tip of last spikelet. The average values 
of five plants were taken for each genotype. 


Peduncle Length 

At plant maturity the data for peduncle length was 
computed with the help of meter rod in centimeters. The 
peduncle length was taken from the last node to the base of 
spike. The average value was taken for each genotype. 


Spikelets Per Spike 

The data was collected for 10 genotypes grown with 
three replications under normal irrigation and drought stress. 
At plant maturity stage the number of spikelets per spike 
were counted manually from mother spike of each plant. The 
average value of five lines was taken for each genotype. 


Grains Per Spike 

For number of grains all spikes were threshed 
separately of each guarded plant and counted. Number of 
grains were counted manually and the average value of five 
lines was taken for each replication. 


Yield Per Spike 

The mother spike was taken for measuring yield per 
spike of each plant and threshed separately. Then the 
threshed grains were weighed by using electronic balance 
in grams. Yield per spike showed direct relation with plant 
biological yield. The average of five plant were taken for 
each replication and analyzed. 


Grain Yield Per Plant 

All spikes of a plant were harvested, threshed and then 
weighed collectively to measure the grain yield per plant 
with the help of electronic balance in grams. In each 
replication average values of five plants were computed for 
grain yield. 


1000-grain Weight 

The seed of each plant was threshed separately and 
1000 seeds were taken. The weight of 1000 grains were 
taken with electronic balance in grams. The average value 
of five plants for thousand grain weight was computed. 


Statistical Analysis 

Data of 10 genotypes was collected from the field 
experiment and was exposed to analysis of variance (Steel 
et al., 1997) to evaluate the genotypic differences for these 
traits. The data of mean value was represented by graphs. 
Graphical approach of statistics was used. 


RESULTS AND DISCUSSION 


Analysis of variance is a collection of statistical 
models and their associated estimation procedures used to 
analyze the differences among group means in a sample. 
ANOVA was developed by statistician and evolutionary 
biologist Ronald Fisher. 

Analysis of variance was done for the genotypes, 
irrigation and their interaction under normal irrigation and 
drought stress. The results showed that all characters were 
showing highly significant results for irrigation and 
genotypes except spike length which shows non-significant 
results for Genotypes. Interaction of irrigation and 
genotypes showed no-significant results for grains per 
spike, grain yield per spike, yield per plant and 1000-grain 
weight but show significant for spikelets per spike and 
highly significant for plant height number of tillers per 
plant and peduncle length. 

Bennani et al. (2016) studied the effect of drought 
stress on forty genotypes of wheat. ANOVA results were 
significant for agronomic traits under stressed 
conditions. Plant biomass and harvest index were non- 
significant parameters. Positive correlation value was 
recorded for 1000 grain weight and biomass under 
normal conditions. Haque et al. (2016) also investigated 
the behavior of rice genotypes under drought applied at 
vegetative and reproductive growth stages. Significant 
differences for phenological, morphological and 
agronomic traits were observed when subjected to 
reproductive stage stress. 


Graphical Representation of 10 Wheat Genotypes for 

Means under Drought Stress and Normal Irrigation 
Mean values were calculated from the replicated data 

which was taken from the field experiment of 10 genotypes 
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for all yield related traits under two irrigations, normal and 
drought. The graphs were made by the mean values and the 
results were computed to check the variability among 
genotypes for traits. 

The mean value graphs of 10 genotypes showed that 
C-273 has maximum plant height under normal irrigation 
followed by C-250. Genotype Inqlab-91 performed better 
under both conditions of irrigation for all taken traits. 
Eucora-70 was most sensitive genotype under drought 
stress. 


Plant Height 

Mean value graphs of 10 wheat genotypes with two 
level of irrigations, drought and normal for plant height is 
shown in Fig. 1. Differences were observed in all genotypes 
for height ranges from 110.68 to 86.75. Maximum value 
for plant height in normal irrigation was observed for C- 
273 (122.3) followed by C-250 (118.70), Inqlab-91 
(111.63), Zincol (107.63) and Pak-81 (105.57). Minimum 
value for plant height under normal irrigation was observed 
for Eucora-70 (86.23) followed by Lasani-08 (92.53), T-9 
(93.67), Galaxy-13 (95.93) and Johar-16 (98.83). Under 
drought stress, the value of plant height ranges from 100.53 
to 79.93. Minimum plant height observed for T-9 (79.93) 
followed by Johar-16 (82.03), Lasani-08 (82.10), Galaxy- 
13 (82.50), Pak-81 (86.20). highest value for plant height 
under stress was observed for Inqlab91 (100.53) followed 
by C-250 (100.47), C-273 (99.23), Zincol (90.47), Eucora- 
08 (87.27). 


Number of Fertile Tillers per Plant 

Mean value graphs of 10 wheat genotypes with two 
level of irrigations, drought and normal for Tillers per 
Plant is shown in Fig. 2. Differences were observed in all 
genotypes for number of Tillers per Plant ranges from 
20.00 to 7.33. Maximum value Tillers per Plant for in 
normal irrigation was observed for C-273 (20.00) 
followed by Inqlab-91 (18.26), C-250 (17.37), Galaxy-13 
(16.02) and Pak-81 (14.66). Minimum value for Tillers 
per Plant under normal irrigation was observed for 
Eucora-70 (7.33) followed by Johar-16 (8.33), T-9 
(11.37), Lasani08 (12.66) and Zincol (13.33). Under 
drought stress, the value of plant height ranges from 5.15 
to 9.37. Minimum Tillers per Plant observed for T-9 
(5.15) followed by Johar-16 (6.74), Lasani-08 (6.22), 
Zincol (7.22), Pak-81 (7.37). highest value for Tillers per 
Plant under stress was observed for C-250 (9.37) followed 
by C-273 (8.93), Inqlab-91 (8.59), Galaxy-13 (8.03), 
Eucora-08 (7.55). 


Spike Length 

Mean value graphs of 10 wheat genotypes with two 
level of irrigations, drought and normal for Spike Length is 
shown in Fig. 3. Differences were observed in all genotypes 
for Spike Length ranges from 13.23 to 9.43. Maximum 
value for Spike Length in normal irrigation was observed 
for Galaxy-13 (13.23) followed by C-250 (12.90), C-273 
(12.83), and Pak-81 (12.53). Minimum value for Spike 
Length under normal irrigation was observed for Eucora- 
70 (9.43) followed by Inglab-91 (11.00), T-9 (11.67), 
Zincol (12.30), Lasani-08 (12.33) and Johar-16 (12.40). 
Under drought stress, the value of Spike Length ranges 
from 10.27 to 6.33. Minimum Spike Length observed for 


Table 1: Analysis of variance for Plant height under normal 
irrigation and drought stress 
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Table 6: Analysis of variance for Grains per Spike under normal 
irrigation and drought stress 


SOV DF_ SS MS F P SOV DF SS MS F P 
Replications 2 323.47 161.73 Replications 2 364 181.98 

Irrigation 1 3030.28 3030.28 184.71** 0 Irrigation 1 7455.3 7455.34 258.44** 0 
Genotypes 9 5000.26 555.58 33.87** 0 Genotypes 9 2243.1 249.24 8.64** 0 
irrigation*genotypes 9 586.3. 65.14 3.97** — 0.0012 irrigation*genotypes9 287.1 31.9  I.llns 0.382 
Error 38 623.4 16.41 Error 38 1096.2 28.85 

Total 59 9563.72 Total 59 11445.8 


P<0.05 Significant P<0.01 Highly Significant, Where DF= degree 
of freedom, SOV= source of variation, SS= total sum of squares, 
MS= mean sum of squares 


Table 2: Analysis of variance for Tillers per Plant under normal 
irrigation and drought stress 


SOV DF SS MS F P 
Replications 2 80.66 40.331 

Irrigation 1 617.86 617.861 119.41** 0 
Genotypes 9 353.74 39.304 7.6** 0 
irrigation* genotypes 9 158.23, 17.581 3.4** 0.0038 
Error 38 196.62 5.174 

Total 59 1407.11 


P<0.05 Significant P<0.01 Highly Significant, Where DF= degree 
of freedom, SOV= source of variation, SS= total sum of squares, 
MS= mean sum of squares 


Table 3: Analysis of variance for Spike length under normal 
irrigation and drought stress 


SOV DF_ SS MS F P 
Replications 2 11.444 5.722 

Irrigation 1 274.776 274.776 106** 0 
Genotypes 9 9.617 1.069 0.41 ns 0.9206 
irrigation* genotypes 9 65.481 7.276 2.81 ns 0.125 
Error 38 98.509 2.592 

Total 59 459.827 


P<0.05 Significant P<0.01 Highly Significant P>0.05 Non- 
Significant, Where DF= degree of freedom, SOV= source of 
variation, SS= total sum of squares, MS= mean sum of squares 


Table 4: Analysis of variance for Peduncle length under normal 
irrigation and drought stress 


SOV DF SS MS F P 
Replications 2 139.25 69.63 

Irrigation 1 1473.12 1473.12 189.54** 0 
Genotypes 9 578.05 64.23 8.26** 0 
irrigation*genotypes 9 350.73. 38.97 = 5.01** — 0.0002 
Error 38 295.34 7.77 

Total 59 2836.49 


P<0.05 Significant P<0.01 Highly Significant, Where DF= degree 
of freedom, SOV= source of variation, SS= total sum of squares, 
MS= mean sum of squares 


Table 5: Analysis of variance for Spikelets per Spike under 
normal irrigation and drought stress 


SOV DF_ SS MS F P 
Replications 2 0.225 0.1125 

Irrigation 1 32.531 32.5312 9.25** 0.0042 
Genotypes 9 74.001 8.2223 2.34* 0.0329 
irrigation* genotypes 9 72.795 8.0884 2.3* 0.0356 
Error 38 =133.584 3.5154 

Total 59 313.136 


P<0.05 Significant P<0.01 Highly Significant. Where DF= degree 
of freedom, SOV= source of variation, SS= total sum of squares, 
MS= mean sum of squares 


Pak-81 (6.33) followed by Galaxy-13 (6.67), T-9 (6.70), 
Johar-16 (7.17), Lasani-08 (7.23). highest value for Spike 
Length under stress was observed for Eucora08 (10.27) 
followed by Inglab-91 (9.17), C-273 (8.37), Zincol (8.03), 
C-250 (7.90). 
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P<0.05 Significant P<0.01 Highly Significant P>0.05 Non- 
Significant, Where DF= degree of freedom, SOV= source of 
variation, SS= total sum of squares, MS= mean sum of squares 


Table 7: Analysis of variance for Yield Per Spike under normal 
irrigation and drought stress 


SOV DF SS MS F P 
Replications 2 0.0887 0.0444 

Irrigation 1 24.0034 24.0034 272.72** 0 
Genotypes 9 5.794 0.6438 7.31** 0 
irrigation*genotypes 9 1.1474 0.1275 1.45ns 0.2027 
Error 38 3.3445 0.088 

Total 59 34.3781 


P<0.05 Significant P<0.01 Highly Significant P>0.05 Non- 
Significant, Where DF= degree of freedom, SOV= source of 
variation, SS= total sum of squares, MS= mean sum of squares 


Table 8: Analysis of variance for Grain Yield per Plant under 
normal irrigation and drought stress 


SOV DF_ SS MS F P 
Replications 2 7712 38.56 

Irrigation 1 =. 2918.2 2918.2 129.11** 0 
Genotypes 9 1148.6 127.62 5.65** 0.0001 
irrigation* genotypes 9 80.81 8.98 0.4ns 0.9287 
Error 38 858.92 22.6 

Total 59 5083.64 


P<0.05 Significant P<0.01 Highly Significant P>0.05 Non- 
Significant, Where DF= degree of freedom, SOV= source of 
variation, SS= total sum of squares, MS= mean sum of squares 


Table 9: Analysis of variance for 100-Grain Weight under normal 
irrigation and drought stress 


SOV DF SS MS F P 
Replications 2 56.24 28.12 

Irrigation 1 = 2692.73 2692.73 102.69** 0 
Genotypes 9 1016.31 112.92 4.31** 0.0007 
irrigation*genotypes9 69.65 7.74 0.3 ns 0.9718 
Error 38 996.41 26.22 

Total 59 4831.35 


P<0.05 Significant P<0.01 Highly Significant P>0.05 Non- 
Significant, Where DF= degree of freedom, SOV= source of 
variation, SS= total sum of squares, MS= mean sum of squares 


Peduncle Length 

Mean value graphs of 10 wheat genotypes with two 
level of irrigations, drought and normal for Peduncle 
Length is shown in Fig. 4. Differences were observed in all 
genotypes for Peduncle Length ranges from 41.03 to 27.90. 
Maximum value for Peduncle Length in normal irrigation 
was observed for Inqlab-91 (41.03) followed by C-250 
(40.43), C-273 (40.40), and Zincol (39.33). Minimum 
value for Peduncle Length under normal irrigation was 
observed for Eucora-70 (27.90) followed Lasani-08 (31.33), 
T-9 (32.0), Johar-16 (34.33), Galaxy (36.77) and Pak-81 
(37.6). Under drought stress, the value of Peduncle Length 
ranges from 31.57 to 20.90. Minimum Peduncle Length 
observed for T-9 (20.9) followed by Lasani-08 (21.83), 
Pak81 (22.37), Johar-16 (24.97) and Zincol (26.73). 
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Plant Height (cm) 


Normal ® Drought 


Fig. 1: Average values of 10 
genotypes of wheat under 
two levels of irrigations for 
plant height viz. normal and 
drought 
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Peduncle Length (cm) 
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Fig. 4: Average values of 10 
genotypes of wheat under 
two levels of irrigations for 
peduncle length viz. normal 
and drought 


Inglab-91 Lasani-08 Zincol Eucora-70 T-9 C-250 C-273 Pak-81  Johar-16 Galaxy-13 
Genotypes 


highest value for Peduncle Length under stress was (31.43), C-250 (28.57), C-273 (27.07) and Galaxy-13 
observed for Inglab-91 (31.57) followed by Eucora-08 (26.77). 
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Spikelets per Spike 


Normal ® Drought 
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Spikelets Per Spike 

Mean value graphs of 10 wheat genotypes with two 
level of irrigations, drought and normal for Spikelets per 
Spike is shown in Fig. 5. Differences were observed in all 
genotypes for Spikelets per Spike ranges from 22.44 to 
17.55. Maximum value for Spikelets per Spike in normal 
irrigation was observed for C-250 (22.44) followed by C- 
273 (22.22), Zincol (21.55) and Inqlab-91 (21.04). 
Minimum value for Spikelets per Spike under normal 
irrigation was observed for Eucora-70 (17.55) followed by 
Lasani-08 (18.44), Pak-81 (19.00), and Johar-16 (19.61). 
Under drought stress, the value of Spikelets per Spike 
ranges from 20.89 to 16.33. Minimum Spikelets per Spike 
observed for Lasani-08 (16.33), T-9 (16.33) followed by 
Zincol (17.55), C-250 (18.33) and Inglab-91 (18.37). 
highest value for Spikelets per Spike under stress was 
observed for Johar-16 (20.89) followed by Eucora-70 
(20.44), Galaxy-13 (20.22) and Pak81 (18.89). 
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Fig. 7: Average values of 10 
genotypes of wheat under two 
levels of irrigations for Yield 
per Spike viz. normal and 
drought 


Pak-81 


Johar-16 Galaxy-13 


Number of Grains per Spike 

Mean value graphs of 10 wheat genotypes with two 
level of irrigations, drought and normal for Number of 
Grains per Spike is shown in Fig. 6. Differences were 
observed in all genotypes for Number of Grains per Spike 
ranges from 70.81 to 51.44. Maximum value for Number 
of Grains per Spike in normal irrigation was observed for 
Zincol (70.81) followed by C-273 (69.83) and Inqlab-91 
(67.44). Minimum value for Number of Grains per Spike 
under normal irrigation was observed for Eucora-70 
(51.44), Galaxy-13 (55.54) followed by Pak-81 (59.11) and 
T-9 (59.4). Under drought stress, the value of Number of 
Grains per Spike ranges from 48.88 to 26.51. Minimum 
Number of Grains per Spike observed for Eucora-70 
(26.51) followed by Galaxy-13 (31.89) and Pak-81 (33.19). 
Highest value for Number of Grains per Spike under stress 
was observed for Lasani-08 (48.88) followed by C-273 
(47.91), Zincol (44.93) and Inqlab-91 (44.6). 
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Fig. 8: Average values of 10 genotypes of wheat under two levels of irrigations for Grain yield per plant viz. normal and drought 
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Fig. 9: Average values of 10 genotypes of wheat under two levels of irrigations for 1000-grain Weight viz. normal and drought 


Yield Per Spike 

Mean value graphs of 10 wheat genotypes with two 
level of irrigations, drought and normal for Yield per Spike 
is shown in Fig. 7. Differences were observed in all 
genotypes for Yield per Spike ranges from 3.13 to 1.81. 
Maximum value for Yield per Spike in normal irrigation 
was observed for Zincol (3.13) followed by Galaxy-13 
(2.83), Pak-81 (2.72) and T-9 (2.52). Minimum value for 
Yield per Spike under normal irrigation was observed for 
Lasani-08 (1.81) followed by Johar-16 (1.88) and C-250 
(2.25). Under drought stress, the value of Yield per Spike 
ranges from 1.76 to 0.83. Minimum Yield per Spike 
observed for Lasani-08 (0.83) followed by Johar-16 (0.92) 
and Eucora-70 (0.93). highest value for Yield per Spike 
under stress was observed for Zincol (1.76) followed by 
Inqlab-91 (1.36), C-273 (1.21), Pak-81 (1.2) and T-9 
(1.11). 


Yield Per Plant 

Mean value graphs of 10 wheat genotypes with two 
level of irrigations, drought and normal for Yield per Plant 
is shown in fig.8. Differences were observed in all 
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genotypes for Yield per Plant ranges from 34.17 to 18.37. 
Maximum value for Yield per Plant in normal irrigation 
was observed for C-273 (34.17) followed by Galaxy-13 
(33.43), Inqlab-91 (32.21), and Zincol (32.10). Minimum 
value for Yield per Plant under normal irrigation was 
observed for Joharl6 (18.37) followed by Eucora-70 
(21.34), C-250 (23.15), Lasani-08 (26.363) and Pak-81 
(29.86). Under drought stress, the value of Yield per Plant 
ranges from 19.68 to 8.96. Minimum Yield per Plant 
observed for Johar-16 (8.96) followed by Eucora-70 
(10.33), C-250 (10.80) and Lasani-08 (11.10). highest 
value for Yield per Plant under stress was observed for C- 
273 (19.68) followed by Inqlab-91 (18.11) and Zincol 
(17.18). 


1000-Grain Weight 

Mean value graphs of 10 wheat genotypes with two 
level of irrigations, drought and normal for 1000-Grain 
Weight is shown in Fig. 9. Differences were observed in all 
genotypes for 1000Grain Weight ranges from 29.11 to 
41.72. Maximum value for 1000-Grain Weight in normal 
irrigation was observed by C-273 (41.72), Galaxy-13 


(41.68) followed by Zincol (39.41), T-9 (38.61), Inqlab-91 
(37.2), and Pak-81 (36.06). Minimum value for 1000-Grain 
Weight under normal irrigation was observed for Eucora- 
70 (29.11) followed by C-250 (33.32), Lasani-08 (31.25) 
and Johar-16 (31.240). Under drought stress, the value of 
1000-Grain Weight ranges from 28.63 to 16.19. Maximum 
1000-Grain Weight observed for C-273 (28.63), Pak-81 
(22.67) followed by Zincol (27.94), T-9 (27.03), Lasani-08 
(20.02). Minimum value for 1000Grain Weight under 
stress was observed for Eucora-08 (16.19) followed by 
Johar-16 (16.56), C-250 (20.03), Inqlab-91 (24.00), 
Galaxy-13 (22.56). 

Graphical representation of 10 wheat genotypes 
revealed that productive tillers per plant showed positive 
association with grain yield and high number of fertile 
spikelets can improve yield (Zaheer and Ahmad 1991). 
Number of grains increased the grain yield documented by 
(Larik, 1979). Grain yield is most influenced by number of 
grains per spike supported by (Smoéek, 1977; Ehdaie and 
Waines, 1989; Naserian et al., 2007; Kotal et al., 2010). 
Number of kernels had positive correlation with plant yield 
under drought stress observed by (Wang et al., 1991; 
Denéié et al., 2000). Under both conditions of irrigation, 
normal and drought grain numbers seemed to be most 
important trait associated with grain yield (Den¢ic¢ et al., 
2000; Slafer and Andrade, 1991; Sen and Toms, 2007). 


Conclusion 

Wheat is essential to the human diet because it 
provides calories, carbs, and protein. Wheat is cultivated as 
a rain-fed and irrigated crop due to its greater adaptability. 
Drought upsets the crop during all growth and 
developmental stages and all these stages of crop are not 
equally affected by the drought. The current study showed 
that C-273 performed best under normal irrigation for all 
taken traits followed by C-250. Genotype Inqlab-91 
performed better under both conditions of irrigation for all 
taken traits. Eucora-70 was most sensitive genotype under 
drought stress. These genotypes can be further used in 
breeding programs. 
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ABSTRACT 


Nanochemistry has its diverse applications in the field of food science and technology. Various nano particle acts as 
anti-bacterial agents in active packaging of food. The application of these active packaging containing nanoparticles in 
it plays a vital role in the protection, preservation and enhancement in the shelf life of food. Silver nano particles 
(AgNPs) and Zinc Oxide nanoparticles (ZnO NPs) can be easily mixed with bio-polymer and synthetic polymers used 
for packaging materials. These nanoparticles act as anti-microbial agent to enhance the shelf life of food products. 
This review presents the effect of various physical factors including size, concentration, morphology, pH, surface 
charge and strain specific activity upon the anti-bacterial activity of AgNPs and ZnO NPs against five gram positive 
Staphylococcus aurerus(S. aurerus), Listeria monocytogenes (L. monocytogenes), Streptococcus pneumoniae(S 
.pneumoniae), Enterococcus faecalis (E. faecalis), Bacillus subtilis (B.subtilis) and five gram negative Escherichia 
coli (E. coli), Pseudomonas aeruginosa (P. aeruginosa), Salmonella typhimurium (S. typhimurium), Klebsiella 
pneumonia (K. pneumoniae ), Klebsiella aerogenes (K. aerogenes) strains are presented. Furthermore, practical 
approaches for addition of AgNPs and ZnO NPs in edible and inedible coating of various food products to enhance the 
shelf life of food materials is also presented. It is important to address all possible health effects caused by 
nanoparticles to ensure food safety. Therefore, this review also presents regulation and limitation of different 


regulating bodies’ sets for Ag and ZnO NPs. 


Key words: Nanochemistry, Inedible Food Packaging, Anti-Microbial Agent 


INTRODUCTION 


The word “Nano” is derived from the Greek letter 
avoc (Latin nanos), meaning “dwarf”. The word “nano” 
means miniature size or very small. It is usually 
combined with a noun to form different words like 
nanotechnology, nanometer, nanomaterial or nanorobot. 
In the area of nanotechnology we deal with the items 
with size (10° m). Nanotechnology is the manipulation 
of individual atoms, molecules, or compounds into 
structures to produce special properties (Usha et al., 
2018). Nanotechnology has the ability to be used in 
food packaging industry as a tool for delivery systems of 
various nanoparticles, for the detection of pathogens, for 
treatment of diseases, for packaging materials, and for 
the delivery of bioactive chemicals to specific target 
sites. Application of nanotechnology helps modern food 


system by providing good nutritional value to food items 
and by improving the safety level of foods (Rashidi& 
Khosravi-Darani, 2011). 

Food packaging material used for packaging of food 
should be safe, has ability to temper resistance, and should 
meet specific chemical, physical or biological standards. 
Now a day’s packaging materials of food utilize different 
application of nanoparticles, to develop high barrier 
properties, to capable of releasing nanoparticles as 
preservatives for the enhancement of food’ s shelf life in 
containers, to repair torn packaging, to improve safety of 
food, and to alert customers when food is contaminated or 
rotten (Chellaram et al., 2014). Results of different studies 
suggest that nanoparticle optical assays could be used as a 
new and efficient way for real-time evaluation of the 
nanoscale mode of action of antimicrobial agentin living 
bodies(Kyriacou et al., 2004). 
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In food sector there are two main types of 
nanoparticle. Organic nanoparticles and _ metallic 
nanoparticle .Organic nanoparticles are mostly used in the 
synthesis of active food items where metallic nano 
particle act as antimicrobial agent (Peters et al., 2011). 
Nanoparticles has high level of anti-bacterial activity due 
to their larger surface area to volume ratio (Agarwal et al., 
2018). This review mainly focuses to describe the effect 
of various physical factors like size, morphology, dose, 
pH, surface charge and strain specificity upon the 
antibacterial study of Ag and ZnO nanoparticles against 
different strain of gram-positive and gram-negative 
bacteria. The reviews also discuss the practical application 
of Ag and ZnO nanoparticle in edible and inedible coating 
of various food materials to enhance their shelf life. 
Regulations and limitation of Ag and ZnO nanoparticles 
for their use in food products or in food packaging also 
reviewed. 

A. Role of silver nanoparticle 

Silver nanoparticle could be easily mixed in 
biopolymer films of starch and chitosan as they are added 
in petroleum-based thermoplastic films of nylon, 
polystyrene, polypropylene and polyethylene (Rhim et al., 
2013). Various natural compounds such as essential oil or 
plant extract used in edible packaging for food 
preservation but because of their high level of fragrance 
and taste they may strongly contribute to alter the 
organoleptic characteristics of food product. Therefore use 
of essential oils and plant extracts in food packaging are 
limited. Besides the good anti microbial activity, using 
silver nanoparticle in edible packaging has the advantage 
that it has very low effect on the sensory attributes of 
food. Therefore the use of Ag NPs in food packaging is 
more reliable for consumers (Krasniewska et al., 2020). 
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A.1 Factors affecting anti microbial activity of silver 
nanoparticles 

Shape, size, concentration and surface charges are the 
important factors that affect the antimicrobial properties 
of silver nanoparticles. Regarding shape (i.e., platelet, 
cubic , decahedron, triangular, spherical) and in many 
others shapes the spherical and the triangular shapes show 
highest antimicrobial activity (Zorraquin-Pefa et al., 
2020). 


A.1 (a) Regarding morphology 

A study revealed that the anti-bacterial activity of Ag 
NPs is shape depended and the results of the study shows 
that the interaction of gram negative bacteria Escherichia 
coli is also in shape-dependent manner, when interact with 
silver nanoparticles (AgNPs). Although the findings for 
antibacterial behavior of silver nanoparticles towards 
Escherichia coli were same in all nanoparticles but with 
nanoparticles with distinctively different shapes have 
different results for inhibition of E. coli. The percentages 
of active faces found in nanoparticles of various shapes 
can be used to explain the observed differences in 
inhibition of E. coli. The study shows a high reactivity of 
the truncated triangular nanoparticles is expected, when 
compared to other spherical or rod-shaped particles (Pal et 
al., 2007). 

In a similar study assessment of the anti-microbial 
activity of nano silver shapes; Ag-nanoplates (AgNPIs), 
Ag-nanorods (AgNRds) and_ silver nano-particles 
(AgNPs) was studied. The result demonstrates that 
AgNPls have an excellent anti-bacterial activity for 
Staphylococcus aurerus (S. aurerus) and Escherichia coli 
(E. coli) when compared with AgNRds and AgNPs. 
Finding shows that AgNPls compared with AgNRds and 


AgNPs, requires a minimum amount to inhibit the strains 
development of S.mutantsand E. coli and this is because 
of an increase in surface area of AgNPls compared with 
AgNRds and AgNPs(Sadeghi et al., 2012). 

In an in vitro study the antibacterial properties of 
synthetic AgNPs against Pseudomonas aeruginosa and E. 
coli were evaluated by using the Kirby-Bauer disc 
diffusion-sensitive technique. Compared with large 
spherical and triangular AgNPs, the smallest-sized 
spherical silver nanoparticles exhibited superior 
antibacterial activity over both P. aeruginosa and E. coli 
strains. Although the larger size spherical silver 
nanoparticles had lower bactericidal activity over both 
bacterial types than the triangular silver nanoparticles, the 
smaller sized spherical silver nanoparticles exhibited 
better antiseptic properties than the triangular silver 
nanoparticles (Raza et al., n.d.). 


A.1 (b) Regarding Size and Concentration 

In a study the size- and concentration-dependent 
antimicrobial activities of silver nanoparticles were 
thoroughly investigated. AgNPs with average sizes of 5, 
7, 10, 15, 20, 30, 50, 63, 85, and 100 nm were prepared in 
high yield and monodispersity. It was noticed that the 
minimum bactericidal concentration (MBC) and minimum 
inhibitory concentration (MIC) of silver nanoparticles is 
size and dose dependent. The experimental results show 
that all AgNPs are extremely harmful to various bacterial 
types and the antibacterial effect of these nanoparticles 
increase with a corresponding decrease in their particle 
size. Compared with 7 nm and 10 nm silver nanoparticles 
at their particular minimum bactericidal concentration 
doses, 5 nm AgNPs exhibited the fastest bactericidal 
effect. This effect is significantly amplified as the 
nanoparticle size approaches the sub-10 nm range. S. 
aurerus, E. coli, and B. subtilis are the three bacterial 
strains used in the study. Interestingly, 5, 7 and 10 nm 
AgNPs has shown the same level of bacteriocidal activity 
regardless of these strains (Agnihotri et al., 2014). 

In another work, stable Silver nanoparticles with 
markedly diverse sizes (5, 15 and 55 nm average) were 
prepared. Their antibacterial activity was examined by 
colony counting assay growth inhibition curve method, 
and equivalent MIC method against aerobic (E. coli) 
bacteria and five oral infectious anaerobic bacteria (S. 
sanguis, S. mutans, S. mitis, F. nuceatum and A. 
actinomycetemcomitans). 

The findings of study showed that all three types of 
AgNPs (various diameters of 5, 15 and 55 nm averaged) 
considerably slowed the development of all anaerobic and 
aerobic species and the bacterial growth gradually slowed 
down with increasing nanoparticles concentration. 
Particles of different sizes exhibited different rates of 
growth inhibition. At a concentration of 25 g/mL, 5-nm 
silver nanoparticle totally prevented the growth of F. 
nuceatum; for 15- and 55-nm Ag, the concentrations were 
50 and 100 g/mL, respectively. The parallel Minimum 
Inhibitory Concentration values for 5, 15, and 55 nm of 
silver nanoparticles for A. actinomycetemcomitanswere 
25, 50, and 200 g/mL respectively. In contrast anaerobic 
oral pathogens were less resistant to Ag NPs than aerobic 
bacteria. During the study Ag NPs exhibited a clear size- 
dependent antibacterial effect against anaerobic bacteria. 
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The most potent antibacterial activity was observed with 
5nm silver nanoparticles (Lu et al., 2013). 


A.1 (c) Regarding pH 
A study was conducted to understand how pH affects 
the antimicrobial properties of AgNPs. Pseudomonas 


fluorescens was exposed to well-characterized AgNPs for 


24 hours at pH levels from 6 to 9. pH had little effect on 
the development of the control, with a little bit slower 
growth at low pH values. Controls included only bacteria, 
silver nanoparticles, latex nanoparticles (negatively 
controlled, comparable in size but with low to zero 
chemical toxicity), or silver nitrate (positive control) used 
in the bacterial absence. Only in lack of SRHA 
(Suwannee River humic acid) silver nanoparticles become 
toxic at a dose of 2000 ppb at pH 9, resulting90% 
reduction in bacterial cell density after the 24 hours of 
contact. There is no apparent explanation for pH-related 
toxicity (Fabrega et al., 2009). 


A.1 (d) Regarding strain specificity 

A study was conducted to determine the strain 
specific anti microbial activity of silver nano particle. E. 
coli (four strains), S. aureus (three strains) and B. subtilis 
were utilized to study anti-microbial potential of silver 
(Ag) and copper (Cu) nanoparticles. Transmission 
electron microscopy was used to find out the average size 
of copper and silver NPs, which were 3 nm and 9 nm 
respectively. Different bacteria have different extent of 
sensitivity to nanoparticles, which depends on the species 
of microbes. Silver nanoparticles were more effective than 
copper nanoparticles in disc diffusion assays of E. coli 
and Staphylococcus aureus. Compared to other strains, B. 
subtilis was the most susceptible to nanoparticles and 
copper nanoparticles affects them prominently. S. aureus 
has minimal strain-specific variation in MIC and MBC, 
but £. coli exhibits some strain-specific variation 
(Ruparelia et al., 2008). 


A.1 (e) Regarding surface charge 

Surface charge also has a significant role in the 
bactericidal activity of silver nano particles. The work has 
been reported in various studies. In a study AgNPs with 
different surface charges (negative, positive and neutral) 
were prepared. To check the anti-bacterial activity, all 
synthesized Ag NPs were tested against gram-positive 
(1.e., Streptococcus mutans, Streptococcus pyogenes and 
Staphylococcus aureus) and of course against gram- 
negative (i.e., Proteus vulgaris and Escherichia coli) 
bacteria. The result of the study show that positively 
charged AgNPs has the most efficient antimicrobial 
activity against all gram positive and gram negative 
bacteria. Whereas the neutral Ag NPs_ showed 
intermediate level of antibacterial activity, while the 
negative chargedAg NPs showed the least level 
ofantibacterial activity(Abbaszadegan et al., 2015). 


A.2 Antibacterial activity against gram positive and 
gram negative bacteria 

Silver nano particle are reported as a good anti 
bacterial agents in edible coating of food. In the Table 1 
bacteriostatic and bacteriocidal activity of silver nano 
particles against various strain of gram positive bacteria 


Int J Agri Biosci, 2022, 11(3): 181-193. 


Table 1: Antibacterial activity of various biopolymer-based materials containing Ag NPs. 


Polymer Matrices Approach Size of Silver — Concentration of Tested Strains Gram (-) Pathogens Gram (+) Pathogens Antibacterial Effect of Reference 
Nanoparticles | AgNO3/AgNPs in Nanocomposite Films 
(nm) Film-Forming Solution 
Chitosan/ in-situ S. aureus, S. Typhimurium, B. cereus, Inhibition zone (mm): (Youssef et 
Hydroxyethylcellulose E. coli, L.monocytogenes, S. Typhimurium: 13-15 al., 2015) 
(HEC) 7 - S. Typhimurium, E. coli S.aureus E. coli: 12-14 
L.monocytogenes, S. aureus: 10-11 
B. cereus B.cereus: 12 
L.monocytogenes: 
10-11 
Hydroxypropyl ex-situ: 8-10 AgNPs: 2%, 4% and K. pneumoniae E. coli, B. cereus, Inhibitory effect was observed (Arash et 
methylcellulose (HPMC)/ Silver 8% ATCC10031, K. pneumoniae, S. aureus, against all tested strains of al., 2018) 
Tragacanth/ beeswax Nanopartilces P. aeruginosa ATCC _P. aeruginosa, L. monocytogenes, __ bacteria; 
were purchased 9027, S. Typhimurium S. pneumonia The high percentage 
from US Research S. Typhimurium ATCC concentration of silver 
Nanomaterials 14028, nanoparticles into biopolymer 
Inc. E.coli ATCC 8739, matrix become cause of larger 
S. pneumoniae ATCC inhibitory 
49615, zones diameter 
B. cereus ATCC 1247, 
S. aureus ATCC 25923, 
L.monocytogenesATCC 
7644 
Zein ex-situ Ag-MTT NPs Pseudomonas spp. Pseudomonas spp. (a) 1.53 log CFU/g (b) 1.83. (Incoronato 
(a) 10 mg; log CFU/g (c) 2.12 log CFU/g et al., 
mo (b) 15 mg; at 2010) 
(c) 20 mg 
Chitosan 
ex-situ: Silver 10-25 AgNPs: Candida albicans, P. aeruginosa S. aureus Inhibition zone (mm): (Youssef et 
Nanoparticles (a) 0.5% A. niger A. niger al., 2014) 
were synthesized (b) 1% P. aeruginosa, (a) 10; (b) 8; (c) 9 
by biological (c) 2% S. aureus C. albicans 
methods (a) 12; (b) 12; (c) 19 
P. aeruginosa 
(a) 11; (b) 12; (c) 15 
S. aureus 
(a)9; (b) 10; (c) 18 
Chitosan/ sodium alginate _ex-situ: Silver P. aeruginosa MTCC __ E. aerogenes E. faecalis Inhibition zone (mm): (Sharma et 
Nanoparticles 5-21 2488 P.aeroginosa:3.1 al., 2012) 
were synthesized - E. aerogenes MTCC E. aerogenes: 1.5 
by biological 2822, E. coli: 1.9 
methods E.coli, E. faecalis: 5.1 
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Agar 


Commercial Nano Silver 
film 


Chitosan 


PVA-montmorillonite K10 
clay nanocomposite 


Cellulose naofibrils /AgNP 
Composite 


ex-situ 


ex-situ 


in-situ 


In-situ 


In-situ 


8-15 nm 


Ag-MTT NPs 
(a) 10 mg; 
(b) 15 mg; 
(c) 20 mg 


4.5 ug Ag/g film 


30, 75, 150, and 300 
ug Ag/mL 


E. faecalis MTCC 439, 
B.cereus MTCC 1305 


Pseudomonas spp. Pseudomonas spp. 

Enterobacteriaceae Pseudomonas, 

and Pseudomonas 
Enterobacteriaceae 

Staphylococcus aureus Escherichia coli Staphylococcus 

aureus 

Escherichia coli 

Salmonella typhimurium Salmonella Staphylococcus 
typhimurium aureus 

Staphylococcus aureus 

Listeria monocytogenes Escherichia coli Listeria 
O157:H7 monocytogenes 


Escherichia coli 
O157:H7 


B. cereus: 6.0 


Reduction level of bacteria (Incoronato 
count et al., 

(a) 1.88 log CFU/g (b) 2.09 2011) 

log CFU/g (c) 3.59 log CFU/g 


Film having Ag NPs shows no 
significant difference in the (Deus et 
antibacterial activity when al., 2008) 
compared with conventional 

film 


Film compromised of (Wu et al., 
chitosan, laponite and Silver 2018) 
nanoparticles show less 

antibacterial activity when 
compared with chitosan film. 

The reason behind low 

antibacterial of film is may be 
because laponite decreases the 
release of silver nanoparticles. 

The inhibition of gram 

positive bacteria is greater 

than gram negative bacteria. 


Film having silver (Mathew et 
nanoparticles show al., 2019) 
antibacterial activity against 

both types of bacteria. When 

the film was used to store 

chicken sausages at 4°C for 4 

days, a low level of microbial 

growth was observed 

compared to local films. 


The material having silver 
nanoparticlesshow high level (Yu et al., 
of antibacterial activity against 2019) 

E. coli than against L. 

monocytogenes because of the 

greater wall thickness of the 
gram-positive bacteria. 


Dose-dependent antimicrobial activity of silver nanoparticles on polycaprolactone fibers showed that Gram-negative bacteria are more susceptible to polycaprolactone/Ag complexes than Gram-positive 
bacteria (Pazos-Ortiz et al., 2017). 
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{Listeria 
Staphylococcus 
pneumoniae 


monocytogenes (L. monocytogenes), 

aurerus (S. aurerus), Streptococcus 
(S.. pneumoniae), Bacillus __ subtilis 
(B.subtilis), Enterococcus faecalis (E. faecalis)} and 
gram negative bacteria {Escherichia coli (E. coli), 
Klebsiella pneumonia (K. pneumoniae), Pseudomonas 
aeruginosa (P. aeruginosa), Salmonella typhimurium (S. 
typhimurium, Klebsiella aerogenes (K. aerogenes) have 
been discussed. 


A.3 Role of silver nanoparticles in packaging to 
enhance shelf life 

Edible coating of food material is an emerging 
research area in food safety and quality. It is now 
necessary to create protective coatings with antibacterial 
properties as they help to enhance the shelf life of foods. 
Researchers have been going on to evaluate the risks, 
mechanism and the advantages of utilizing nano particles 
in edible coating to increase the shelf life. Silver nano 
particles are reported with good bactericidal activity 
during in vitro studies. Practical applications are going on 
to check the anti bacterial activity in edible coating. 


A.3 (a) Role of silver nanoparticles in edible packaging 
to enhance shelf life 

A research was performed to estimate the 

performance of anti-microbial packaging of a film having 
AgNPs in it to prevent the quality of Fior di Latte cheese. 
The film was prepared by adding silver montmorillonite 
embedded in agar. At 10 °C, tests were conducted to 
evaluate the organoleptic quality of cheese, the cellular 
load of dairy and pathogenic bacteria that can cause 
spoilage. The results of this study showed an extended 
shelf life for all Fior di Latte samples packed actively and 
confirm that silver cations may have a negative effect on 
the growth of pathogenic bacteria and remained 
ineffective on the functional dairy microbiota and 
organoleptic quality. The active packaging technology 
prepared in this work can be utilized to increase the shelf- 
life and increases distribution of Fior di Latte beyond 
local market boundaries (Incoronato et al., 2011). 
In several studies the packaging film loaded with mixture 
of nano particles and essential oil used for challenge study 
and proved as anti microbial packaging. In a study, 
pullulan films having the compounds (essential oils of 
oregano and rosemary, silver 100 nm and ZnO 110 nm 
nanoparticles) effectively inhibited the pathogens 
Staphylococcus aurerus  (S.  aurerus), — Listeria 
monocytogenes (L. monocytogenes), Escherichia coli (E. 
coli O157:H7), and Salmonella typhimurium  (S. 
typhimurium) in plate overlay assays when poultry 
products and meat store for 3 weeks at 4 °C under vacuum 
conditions rather than control films. The results of this 
research suggest that edible films of pullulan containing 
nanoparticles or essential oils can improve the safety of 
fresh, processed or poultry and frozen meat products 
(Morsy et al., 2014). 

In another study, research was performed to examine 
the antibacterial effects of carboxymethyl cellulose 
(CMC) and guar gum based coatings having AgNPs. Film 
was applied on kinnow citrus (Citrus reticulata cv. 
Blanco) and its postharvest storage durability was 
analyzed for four months at 4°C and 10°C with 85%-90% 
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relative humidity. After every 15 days of storage, 
microbiological and physicochemical properties of 
Kinnow citrus were monitored. All samples stored at 4°C 
and 10°C contain total aerobic psychrophilic bacteria, 
yeasts and molds; however their development was limited 
at 4 °C. The control samples kept at 10°C showed severe 
fruit rot, but have no adverse effects from freezing. The 
result of study showed that coated Kinnow fruit could be 
kept fresh for two months at 10°C and for four months at 
4°C (Wasim et al., 2015). 


A3 (b) Role of silver nanoparticles in, inedible 
packaging to enhance shelf life 

A research was performed to find out the effect of 
nano silver in Polyvinylpyrrolidone (PVP) coating about 
the physical, chemical and anti microbial characteristic in 
asparagus spear stored at 2 and 10 °C. After the 
comprehensive comparison and evaluation the result of 
the study shows that asparagus spear coated by silver 
nano particle could be maintained in excellent quality for 
20 days at 10°Cand 25 days at 2°C and thus enhancing the 
shelf life for 10 days at 2 °C (An et al., 2008). 

A research was carried out to find the effect of 
packaging containing nano-silver to enhance the shelf life 
of nuts. The special effects for various concentrations (0, 
1, 2, and 3%) of nano-silver on the chemical and 
biological characteristics of 432 nut samples having 
almonds, hazelnuts, walnuts and pistachios were 
examined for 2 years at every 3 months interval. The 
packaging with different concentrations of nano-silver 
(1%, 2%, and 3%) have markedly decrease mold, coliform 
and microbial counts in most samples when compared 
with control group. Nano-silver packaging contains 3 % 
silver concentration show excellent results. This 
packaging produced antioxidant effects, especially at 
nano-silver concentrations of 2% and 3%. According to 
the results of biological and chemical examination, 
AgNPs significantly affected the shelf life of nuts. 
Pistachios, almonds, hazelnuts and walnuts have the 
longest shelf lives of 20, 19, 18 and 18 months 
respectively. The amount of AgNPs has an effect on shelf 
life. The best antibacterial effect was seen when 3% 
concentration of nano-silver was used in packaging of 
pistachios. The average shelf life of the control group 
stored under comparable settings was determined to be 13 
months. The results of studies suggest that packaging of 
nuts with nano-silver can extend their shelf life. Therefore 
it is recommended that food packaging companies should 
adopt nano-silver packaging (Tavakoli et al., 2017). 


B. Role of Zinc Oxide nanoparticle 

A commonly used inorganic substance in daily life is 
zinc oxide (ZnO). The U.S. Food and Drug 
Administration currently lists ZnO as a Generally 
Recognized As Safe (GRAS) material and is frequently 
used by food manufacturing companies as a food additive. 
The advancement of nanotechnology has facilitated the 
formulation of materials with novel characteristics so that 
it could be used as antimicrobial agents. Nano-scale ZnO 
has exhibit strong antibacterial properties and can be used 
for food preservation. Therefore, ZnO nanoparticles can 
be easily added to polymer matrices to enhance packaging 
properties and impart antimicrobial activity to packaging 
materials (Judith& Espitia, 2012). 


B.1 Factors affecting anti microbial activity of Zinc 
Oxide (ZnO) nanoparticles 

The anti-bacterial activity of Zinc Oxide 
nanoparticles is affected by many physical parameters, 
just like silver and many other nanoparticles. The effect of 
ZnO on its biological function depends on its shape, 
particle size, pH, concentration, exposure time, and 
biocompatibility (Siddiqi et al., 2018) . 


B.1 (a) Regarding morphology 

In a controlled study the research focuses the 
controlled preparation of Zinc Oxide NPs and _ its 
morphology-dependent antibacterial and optical studies. 
Scanning electron microscopy (SEM) imaging revealed 
that ZnO with rod-like, spherical and flower-like shapes 
was prepared. Inactivation of E. coli and S. aurerus was 
observed using ZnO NPs in MilliQ water. The 
antibacterial effect of ZnO nanoparticles shows that 
antibacterial activity of Zinc Oxide flower-shaped 
nanoparticles is significantly better than that of Zinc 
Oxide rod-shaped and spherical nanoparticles (Talebian et 
al., 2013). 

In a study sphere and rod shape ZnO nanoparticles 
were prepared. Their antibacterial activity was examined 
by using diverse Gram-positive and Gram-negative 
bacteria. According to result of studies, rods and wires 
shaped nanoparticles penetrate bacterial cell walls with 
more ease and rapidly compared to the spherical ZnO- 
NPs. This result shows that the shape of ZnO NPs affects 
the entry mechanism of ZnO NPs and show morphology 
dependent antibacterial activity (Yang et al., 2009). 

In another study ZnO NPs was synthesized in 
different forms, including multi-petal, rod, and spherical 
shape. Then these NPs were applied to cotton fabrics for 
Ultra Violet blocking and antibacterial studies. The Zinc 
Oxide nanoparticles were studied by using SEM and X- 
ray diffraction analysis (XRD). Atomic absorption 
spectroscopy (AAS) and SEM analyses clearly reveals 
that Zinc Oxide NPs was successfully deposited on the 
cotton surface and remained adhere after ten washing 
cycles. In all treated samples, S. aureus was successfully 
eradicated with excellent antibacterial activity. The result 
of study shows that shape of ZnO NPs did not affects its 
antibacterial ability(Sricharussin et al., 2011). 

B.1 (b) Regarding size 

In a study on the size-dependent inhibition of 
bacterial growth by ZnO NPs, nanoparticle of 12, 25, 30, 
88,142, 212, 307 nm has been prepared. The anti bacterial 
activity was tested again Staphylococcus aureus (S. 
aureus) with a fixed concentration of 6 mM. The anti- 
bacterial activity of ZnO nanoparticles was found to be 
inversely correlated with their size against Staphylococcus 
aureus. The smallest ZnO particle size (12 nm) not only 
restricted the growth of S. aureus, but also killed them 
effectively (Raghupathi et al., 2011). 

In another study, powders with different particle sizes 
having range from 0.1 to 0.8 mm were used to examine 
the possible effect of particle size upon the antimicrobial 
activity of Zinc Oxide powders. The variations in the 
electrical conductivity were monitored with changes in 
bacterial growth development and it was noticed that the 
antibacterial activity of Zinc Oxide increased with 
increasing powder concentration and decreasing particle 
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size. There was resemblance in the antibacterial effect of 
S. aureus and E. coli. However, S. aureus had less effect 
on particle size than E. coli(Yamamoto, 2001). 

Another study examined the antibacterial properties 
of ZnO nanoparticles of different particle sizes such as 
12nm, 31nm and 45nm against E. coli. The nanoparticles 
were characterized by using X-ray diffraction (XRD), 
transmission electron microscopy (TEM) and 
photoluminescence (PL) spectroscopy. According to 
bacteriological results, the bactericidal effect of ZnO 
nanoparticles gradually decreases by increasing the 
particle size. The reason for the greater bactericidal 
activity of small particles is believed to be their high level 
of surface area to volume ratio. ZnO nanoparticles of 
smaller size were used in a large amount to cover a 
bacterial colony of 2um. This produces a larger amount of 
reactive oxygen species from Zinc oxide on the colony 
surface which enhance their bactericidal activities 
(Padmavathy& Vijayaraghavan, 2008). 


B.1 (c) Regarding concentration 

In a study the antibacterial activity of ZnO NPs at 
various concentrations (20-100 g/ml) was determined 
against the pathogens K. pneumoniae, E. faecalis, S. 
aureus and E. coli. The results showed that due to the 
bacteriostatic of ZnO nanoparticles growth of all the 
tested pathogens suppressed effectively. The result of 
study shows that antibacterial activity of ZnO enhances 
by increasing the concentration and decreasing the size of 
nanoparticles (Narayanan et al., 2012). 

A research was conducted to examine the effect of 
zinc oxide nanoparticle concentration on its antibacterial 
activity. MIC, MBC, population growth and changes in 
the values of the optical density (OD) at 620 nm were 
used to observe the bacteriocidal effects of ZnO NPs. The 
result of study shows that zinc oxide nanoparticles have 
an antibacterial effect on Escherichia coli K88 and their 
bacteriocidal effect increased with increasing ZnO NP 
concentration (Chao Wang, 2012). 


B.1 (d) Regarding strain specificity 

A research was performed to examine the strain- 
specific activity of ZnO NPs. In the study qualitative and 
quantitative experiments were used to determine the 
susceptibility of several bacterial strains to ZnO 
nanoparticles. Two Gram-positive bacteria (B. cereus and 
S. aureus) and seven Gram-negative bacteria (E. cloacae, 
E. coli O157:H7, E. coli O157:H7, P. fluorescens, P. 
aeruginosa, S. typhimurium and S. enteritidis are used in 
the study. ZnO NP of 50 nm was synthesized. The results 
of the study showed that Bacillus cereus was most 
susceptible to ZnO nanoparticles. The MICs of 
Pseudomonas shows that it has higher resistant against 
ZnO NPs compared to other strains of bacteria used in the 
study (Tayel et al., 2011). 
B.1 (e) Regarding pH 

A study was conducted with the aim to understand 
how temperature and pH affect the antibacterial activity of 
Zinc Oxide NPs against various pathogenic bacteria. 
Ammonium citrate was used as a dispersion to produce, 
characterize, and then disperse ZnO NPs in glycerol. 
Antibacterial study was performed by monitoring the 
growth of E. coli O157:H7 and S. aureus in glycerol by 


using different concentrations of ZnO NPs. Different 
incubation temperatures (25-42°C) and pH levels (4-10 
for E. coli 0157:H7 and 5-10 for S. aureus) were used for 
each experiment. The result of study reveals that the Zinc 
Oxide nanofluid had antibacterial effect against and 
Escherichia coli O157:H7 and S. aureus. The inhibition 
of tested strains was stronger with increasing nanofluid 
concentration. The experimental result also reveals that 
temperature and pH had effects upon the antibacterial 
activity of ZnO NPs. High level of antibacterial activity 
was observed at acidic pH.ZnO NPs show high level of 
toxicity for E. coli O157:H7 at pH 5 and for S. aureus at 
pH 4. The toxicity of ZnO nanofluids increased with 
increasing temperature, with both bacteria having the 
greatest antibacterial activity at 42°C compared to the 
positive control in the same condition. Data analysis 
showed that culture variables and ZnO NP exposure 
medium had significant effects on the cytotoxic effect of 
ZnO nanoparticles (Saliani et al., 2015). 


B.1 (f) Regarding surface charge 

A study was conducted to find out the anti-bacterial 
propensity of Zinc Oxide NPs against various strains of 
Gram positive and Gram negative bacteria. Zinc Oxide 
nanoparticles with positive and negative surface potentials 
were tested on various bacteria with surface potentials 
ranging from 214.7 to 223.6 mV. The chemically 
developed ZnO NPs with positive surface potential 
showed a strong antibacterial tendency. The minimum 
inhibitory concentrations against Gram-negative and 
gram-positive bacteria were 50 and 100 mg/mL 
respectively and similar sized ZnO NPs with negative 
surface potential show negligible antibacterial activity 
against the studied bacteria. In contrast to positively 
charged nanoparticles, neither zinc ions (Zn2+) nor 
negatively charged zinc oxide nanoparticles (ZnO NPs) 
remarkably inhibit bacterial growth (Arakha et al., 2015). 


B.3 Role of Zinc oxide nanoparticles in packaging to 
enhance shelf life 

Zinc oxide nano particles are generally recognized 
as safe to use as antibacterial agent. Active and edible 
coating of food material is an emerging research 
program in food safety and quality. In current era its 
need of time to develop food packaging that could 
enhance the shelf life of food products. Researchers 
have been going on to evaluate the risks, mechanism 
and the advantages of utilizing nano particles in 
packaging to extend the shelf life of food commodities. 
Zinc Oxide nano particles are reported with good 
bactericidal activity during in vitro studies. Practical 
applications are going on to check the anti bacterial 
activity in edible coating. 


B.3 (a) Role of Zinc Oxide nanoparticles in edible 
packaging to enhance shelf life 

In a study active film containing zinc oxide 
nanoparticles shows antibacterial activity in petri dishes 


Int J Agri Biosci, 2022, 11(3): 181-193. 


against S. aureus and S. typhimurium. The synthesized 
film also act as active packaging for the same bacteria in 
ready-to-eat poultry meat as a challenge study and 
decreased the number of targeted bacteria within 10 days 
at 7-9 °C from log 7 to 0(Akbar& Kumar, 2014). 

In another practical application edible film was 
prepared by using extract of Gracilariavermiculophylla 
(GVE). ZnO NPs were added in the films to develop 
antibacterial properties. The antimicrobial efficacy of the 
films was evaluated prior to their use as packaging for 
smoked salmon. After 9 h Compared with the films 
without Zinc Oxide nano particles, the films containing 
5% Zinc oxide nanoparticles decreased the number of 
Salmonella typhimurium and Listeria monocytogenes by 
5.08 and 4.99 log CFU/mL respectively. A high level of 
antimicrobial activity against S. typhimurium and L. 
monocytogenes was seen when smoked salmon was 
wrapped in GVE sheets containing 3% ZnO NPs. A small 
amount of lipid oxidation was observed during storage 
compared to controls. Therefore result of the studies 
shows that GVE films containing ZnONP can be used as 
active food packaging materials to preserve the quality of 
smoked salmon (Baek& Song, 2018). 


B.3 (b) Role of Zinc Oxide nanoparticles in, inedible 
packaging to enhance shelf life 

In a study nanocomposite low-density polyethylene 
(LDPE) films having silver and Zinc Oxide nanoparticles 
were fabricated using melt mixing in a twin-screw 
extruder. Fresh juice of orange is then filled in 
synthesized packaging film and kept at 4°C for storage. 
The organoleptic qualities and microbial analysis of the 
juices were carried after 7, 28 and 56 days of storage. 
Films containing 1% ZnO nanoparticles kept the bacterial 
load of fresh juice below the microbial shelf life (6 log 
cfu/ml) for up to 28 days (Emamifar et al., 2010). 

In another study, anti bacterial potential of low- 
density poly ethylene (LDPE) packaging films containing 
copper oxide (CuO), silver (Ag), and zinc oxide (ZnO) 
nanoparticles were investigated to quantify the levels of 
coliform bacteria in ultra filtered cheese. A number of 
experiments were run with different combination of these 
nano particles with various time of exposure. In an 
experiment when only | % of (ZnO) was used, after 3 and 
4 week of storage the number of coliform increase from 
1.31 x10° is mentioned below. Experimental design 
andResponse combination of nanocomposite films 
containingZnO Nanoparticles is shown below. 

The LDPE% in all runs is 99. R is the difference in 
bacteria concentration (expressed in log cfu/cm2) between 
the non-treated (1.31 10°cfu/g) and treated test specimens 
in log (Beigmohammadi et al., 2016). 

In another study, to check the practical application of 
ZnO NPs in food packaging, cooked minced fish meat 
was wrapped in Poly lactic acid (PLA) and PLA/ZnO NPs 
composite films and growth of Z. monocytogenes and E. 
coli were monitored. The PLA film which did not have 
ZnO NPs in it shows no hindrance to both bacterial 


Factors Responses 

Run Ag% Cu0% ZnO% Time (weeks) Coliform (cfu/g) R (cfu/g) 
2 0 0 1 3 8x10? 6.1172 
18 0 0 1 4 10? 6.1172 
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Table 2: Antibacterial activity of various biopolymer-based materials containing Zinc oxide nanoparticles. 
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Polymer Matrices 


Size of Silver 
Nanoparticles 
(nm) 


Approach 


Concentration of 
ZnO-NPs in Film- 
Forming Solution/ 
Concentration of 
ZnO-NPs used for 
the anti microbial 
activity 


Tested Strains 


Gram (-) 
Pathogens 


Gram (+) Pathogens 


Antibacterial effect of Reference 
Nanocomposite Films 


containing ZnOnps 


Bentonite clay 


in-situ 


(a )Rod shaped 
Lenghth less then 
500nm, 

Width less then 
100nm 


(b) Rod shape 
Less then100 nm 


(c) sphere shape 
Less then 100nm 


in-situ 15-70nm 


Different 
concentration 
ranging from 
10pg to 50ug for 
each bacterial 
strain 


0.5 ¢g 


L.monocytogenes, 


B. cereus, 

E. coli, 

S. Typhimurium 
S. aureus, 


S. aureus 

S. typhi 

P. aeruginosa 
K. pneumoniae 
E. coli 

B. subtilis 


E. faecalis 
ATCC 14506 
E. coli ATCC 
11775 
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B. cereus, 
L.monocytogenes, 
S. aureus, 


S. Typhimurium 
E. coli 


S. aureus 
B. subtilis 


S. typhi 
P. aeruginosa 
K. pneumoniae 
E. coli 


E. coli ATCC 
11775 
E. coli 
ATCC 25922 


E. faecalis 
ATCC 14506 


(Youssef et al., 
2015) 


Inhibition zone (mm): 
L.monocytogenes: 
10-16 

S.aureus: 13-15 
B.cereus: 13-18 

E. coli: 15-18 

S. Typhimurium: 17-19 
Inhibition zone (mm): 
B. subtilis 

(a) 5.834 0.95 (b) 
15.174 0.40 

(c) 12.1740.91 

E. coli 
(a) 7.004 0.37 (b) 
15.174 0.40 (c) 14.174 
0.54 

K. pneumoniae 

(a) 8.33+ 1.87 (b) 
15.17+ 0.97 (c) 16.174 
0.57 

P. aeruginosa 

(a) 7.674 0.21 (b) 
16.00+ 0.26 (c) 19.004 
0.68 

S. typhi 

(a) 7.334 0.33 (b) 
15.17+ 0.40 (c) 15.83+ 
0.17 

S. aureus 

(a) 4.504 0.34 (b) 
15.17£0.40 (c) 11.174 
0.40 


(V et al., 2012) 


Inhibition zone (mm): 
E. faecalis 

ATCC 14506 

(a) 9 (b)9 


(Motshekga et 
al., 2013) 
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E. coli E. coli ATCC 
ATCC 25922 11775 
(a) 5 (b)8 
E. coli 
ATCC 25922 
(a) 7 (b)7 
spherical S. pneumoniae S. pneumoniae Result of the study (Bhattacharyya 
agglomerated revealed that Zinc et al., 2018) 
into polycrystalle w= Oxide NPshas shown 
structures good antibacterial 
Smallest size activity against 
8nm S.pneumoniae, with an 
Average size Minimum Inhibitory 
15nm Concentration value of 
40 pg/ml. 
Spherical (a) Staphylococcus Escherichia coli, Staphylococcus aureus Values are the mean + (Lingaraju et al., 
ZnO (200 pg/40 aureus, Pseudomonas SE of inhibition zone in 2016) 
pL) Escherichia coli, aeruginosa, mm 
(b) Pseudomonas Klebsiella Klebsiella aerogenes, 
ZnO aeruginosa, aerogenes, (a) 1.00 + 0.00 
(400 ug/80 WL) Klebsiella aerogenes (b) 2.33 + 0.09* 
Escherichia coli 
(a) 1.67 + 0.00 


(b)2.67 + 0.03** 
Staphylococcus aureus 


(a)2.00 + 0.00 

(b)3.67 + 0.03** 
Pseudomonas 
aeruginosa, 


(a)2.33 + 0.06* 
(b)6.33 + 0.12* 
* Symbols represent 
statistical significance, * 
P\0.05, ** P\0.01 as 
compared with the 
control group 
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strains. Film having ZnO NPs exhibits significant 
antibacterial activity against both types of bacteria. The 
active PLA film reduced growth of bacteria to zero within 
just 10 days of study. The result of the study shows that 
active packaging of minced fish paste by PLA/ ZnO NPs 
composite film could enhance its shelf life through its 
antibacterial actions. Thus the study shows that PLA film 
with ZnO NPs could be used as food packaging to 
enhance shelf life of food commodities (Shankar et al., 
2018). 


Food Authorities Regulation 

Although use of nano particles as anti-microbial 
agent in food packaging is an emerging technology which 
provides excellent results in its application, however there 
are multiple factors which need proper attention to ensure 
health safety of consumers. The major issue faced by food 
technologist is the migration of silver ions from food 
packaging to packed food and drinks. Therefore food 
safety organizations has a prudent type approach for 
these issues(Cushen et al., 2012). 

The European Food Safety Authority (EFSA) panel 
on Nutrient Sources added to Food and Food Additives, 
stated its incapability to evaluate the safety of silver 
hydrosol and for shelf life extended products for food 
supplements and food packaging that includes silver 
nanoparticles are not allowed in the European Union until 
they get certified (Committee, 2011), (Shenir, 2014), 
(Bumbudsanpharoke& Ko, 2015). EFSA mentioned s safe 
limit of AgNPs migration form food packaging material to 
foods. According to EFSA recommendations it is not 
allowed to exceed 0.05 mg/kg in food and 0.05 mg/L in 
water. It is necessary for food packaging industries which 
are using antimicrobial potential of nanoparticles to imply 
these recommendations for the safety of consumers. 
Manufacturers of packaging contain nano particles as an 
antimicrobial agent requires in vitro genotoxicity, 
absorption, distribution, metabolism and excretion tests 
(Committee, 2011). 

Likewise, in the United States of America the 
USFDA recommend that every industry should have to 
prepare a report for the toxicological effects of 
nanoparticles before its utilization in food packaging 
(USFDA, 2014). In March 2014 Environmental Protection 
Agency (EPA) abandons the plastic product of company, 
which is using nanoparticle without USFDA legislations 
(Martin, 2014). Since know Canada and many other 
countries did not have any proper food regulation 
regarding nanomaterials. Many countries have know 
introduced incomplete food safety regulations regarding 
application of nanoparticles in food sector (Berekaa, 
2015). 

Since 2012 Zinc Oxide (ZnO) is listed as a generally 
recognized as safe (GRAS) and it is used as food 
additive(Judith& Espitia, 2012). 


Conclusion 

ZnO NPs and Ag NPs have promising antibacterial 
properties against food borne pathogens. These 
nanoparticles have maintained their antimicrobial activity 
even when incorporated in polymeric matrices, which 
indicates their potential for food preservation through 
their use as antimicrobial food packaging. Various 
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physical factors affect their antibacterial activity. 
Decrease in particle size and increase in concentration, 
increases their antibacterial activity. Higher antibacterial 
activity was observed at acidic pH. The strain specific 
antibacterial activity found to vary depending on the 
microbial species. 

In case of Ag NPs regarding morphology, small 
spherical nano particles show higher antibacterial activity 
than triangular and large spherical nano particles. Nano 
plates shows higher antibacterial activity then nano rods. 
Regarding surface charge, the positively charged AgNPs 
were the most effective antimicrobial materials against all 
tested bacteria. The negatively charged silver 
nanoparticles had the least and the neutral nanoparticles 
had intermediate antibacterial activity. Studies show that 
aerobic bacteria are more susceptible toward antibacterial 
activity of Ag NPs as compared to anaerobic bacteria. In 
case of Ag NPs Gram negative bacteria are more sensitive 
than gram positive bacteria. Antibacterial activity of Ag 
NPs is higher in solid media as compared to liquid one. 

The antibacterial study of ZnO NPs against various 
bacteria show that nano particle having flower and needle 
like morphology show higher activity than spherical 
nanoparticle. Gram positive bacteria are more sensitive 
toward anti bacterial activity of ZnO as compared to gram 
negative. The surface charge study shows that ZnO NPs 
with positive charge show higher anti bacterial activity 
than negatively charged nano particles. Both Ag and ZnO 
NPs have good antibacterial in edible and inedible 
packaging. Upper limits of Ag migration from packaging 
should not to exceed 0.05 mg/L in water and 0.05 mg/kg 
in food. ZnO NPs are generally recognized as safe to use 
in edible packaging. 
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ABSTRACT 


The present study was conducted for evaluation of double haploid maize hybrids under water deficit condition. Total 
nine maize hybrids having eight double haploid maize hybrids and one commercial maize hybrid check have sown in 
autumn season 2019 with two treatments by using randomized complete block design under factorial by two 
replications. For evaluating maize hybrids under water deficient condition, 100% and 50% irrigation was given in 
Treatment-I and treatment-II. At several maize growth stages data was collected regarding morphological and 
physiological traits. Data was analyzed by using analysis of variance, path analysis and correlation analysis. The 
results showed that all the double haploid maize hybrids under evaluation was significant in analysis of variance. Path 
coefficient analysis of field research showed, days to 50% tasseling, plant height, leaf area, leaf temperature, cob 
diameter, kernel rows per cob and grain yield positive direct effect on total biomass of plant. The traits such as days to 
50% tasseling, tasseling to silking interval, ear height, cob length and harvest index indicated negative direct effect on 
total biomass of plant. Grain yield showed highest positive direct effect on other side the lowest positive direct effect 
of kernel rows per cob on total biomass of plant. Correlation coefficient indicated that maximum significant positive 
genotypic correlation was present between days to 50% silking and days to 50% tasseling, it was also significant 
positive correlation present among grain yield per plant and total biomass of plant under normal but under water 
deficit condition maximum positive correlation was observed among kernel rows per cob and cob diameter. 


Key words: Maize, double haploid, drought 


INTRODUCTION 


Maize (Zea mays L.) is a prime cereal plant and is 
one of the high yielding and nutritive cereal crop grown 
around the world (Ahmad ef al., 2016). According to 
global farming system maize is placed third among major 
cereal crops after wheat and rice in Pakistan. In some 
regions of Khyber Pakhtunkhwa, maize is categorized as a 
second position in terms of its importance and utility. 
Maize crop is sown during whole year, thus it is also 
known as “Queen of Cereals” (Baloch et al., 2015). The 
area covered by maize farming in 2014-15 was nearby 
178.79 million hectares with a mean production of 5.64 
metric tons per hectare in overall maize producing 
countries. So, the total production of maize was nearly to 
1008.68 million metric tons. Corn has high nutritive value 


both for humans and animals, its nutritive value is well 
archived because of, 72% starch, 10% protein, 4.8% oil, 
3.0% sugar, 1.7% ash and 9.50% fiber. Maize is mainly 
contributed to 2.1% in agriculture value added products 
and 0.4% of gross domestic product (Ahmad et al., 2017). 

Agricultural drought is caused due to constant 
deficit in precipitation linked with excessive evapo- 
transpiration need. As it is deficiency of plentiful 
humidity needed for standard plant growth and 
enlargement to fulfill the life cycle (Farooq et al., 2012). 
Drought intrudes the growth, nutrient and water 
relations, and photosynthesis and eventually cause a 
substantial decrease in crop yields. During severe 
drought conditions, the traits responsible in increasing 
the yield of the plant might not act and may eventually 
cause negative effects (Qayyum ef al. 2012). 
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Both biotic and abiotic factors have effect on maize 
crop. In plant structure, water plays a critical role to 
determine plant growth, developmental mechanisms and 
for proper functioning of crop (Aslam ef al., 2006). In 
different regions around the globe including Pakistan, 
water stressed conditions are the major and important 
emerging challenge. Water deficit or drought stress is a 
severe issue for agriculture where 33% of world’s credible 
arable land is opposing water shortage and resultantly low 
yield (Mustafa et al., 2015). C4 plants such as maize 
hybrids require prosperity of water while under water 
deficient condition the completion of growth cycle is 
more susceptible. 

The sensitivity of maize towards drought can be seen 
at flowering period. About 15-20% yield loss may be 
experienced annually as maize cannot tolerate water and 
heat stresses. Water stress can affect seed setting and 
grain size with 20-50% yield losses two weeks before or 
during silking stage (Khan et al., 2016) as water deficient 
effects anatomical, physiological, morphological, and 
biochemical processes occurring in maize. During severe 
water stress at tasseling and silking stages, yield reduction 
is more than 90% while under mild stress conditions 
reduction in grain yield was 70%. 


MATERIAL AND METHODS 

The experiment was conducted in the Department of 
Plant Breeding and Genetics, University of Agriculture, 
Faisalabad during autumn season in 2019. The 
Experimental material was comprised of eight double 
haploid maize hybrids with one commercial used as check 
hybrid, two regimes (100% normal and 50% water deficit) 
irrigations as followed: 


Hybrids: 
. DH-3BxDH-100G 
. DH-6DxDH-8B 
. DH-1613xDH-100E 
. DH-6BxDH-100A 
DH-100xDH-1D 
. DH-14DxDH-4 
. DH-1CxDH-54 
. DH-100LxDH-14C 
. FH-1046 

The experiment was carried in a Randomized 
Complete Block Design, under Factorial, with eight rows 
per hybrid were sown, to evaluate the performance of 
double haploid maize hybrids. Plant-to-plant and row-to- 
row distances will be maintained at 7” and 30”, 
respectively. Standard agronomic and cultural practices 
were also given to the experimental area throughout the 
crop season. Under control treatment, recommended 
irrigation was applied while under water deficit treatment, 
half of recommended irrigation was applied. The 
following parameters of double haploid maize hybrids 
were recorded at different growth stages. 


1) Plant height (cm) 

2) Ear height (cm) 

3) Leaf Area (cm?) 

4) Days to 50 % tasseling 

5) Days to 50 % silking 

6) Tasseling to silking interval 
7) Leaf temperature (°C) 
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8) Cob length (cm) 
9) Cob diameter (mm) 
10) Kernel rows per cob 
11) Total biomass of plant (g) 
12) Grain yield per plant (g) 
13) Harvest Index (%) 
The data on the above-mentioned parameters were 
recorded as follows: 


Plant Height (cm) 

After the growth of maize plant and completion of 
flowering stage, Plant height was measured by meter-rod 
measuring height in (centimeters) from the ground level to 
the base of tassel. The average of ten random plants was 
used for the statical analysis. 


Ear height (cm) 

After the completion of maize flowering, the further 
growth of plants is stopped and ear height was measured 
by measuring the height in (centimeters) from the ground 
level to the base of upper most cob using an inchitape 
(Panday et al., 2000). Also, selected the average of ten 
random plants for analysis. 


Leaf Area (cm’) 

After the completion of plant growth the fifth leaf is 
selected from upper to lower, leaf area was measured in 
(cm’) by measuring length and width of a leaf at two 
different positions. The leaf area was calculated by 
multiplying the leaf length and leaf width by using the 
following formula and average leaf area was calculated 
for ten selected plants. Leaf area = Leaf Length (cm) x 
leaf width (cm) x 0.75 (Montgomery, 1911). 


Days to 50% Tasseling 

Days to 50% tasseling were measured by counting the 
number of days right from date of sowing to till 50% of 
the plants in eight rows emerged tassels. 


Days to 50% Silking 

Days to silking were measured by counting the 
number of days right from sowing till 50% of the plants in 
eight rows showed silk emergence on their cobs. 


Tasseling to silking interval 
The tasseling to silking interval is calculating by the 
difference between tasseling to silking in days. 


Leaf temperature (C°) 

Ten plants from eight accession were selected 
randomly and temperature of a leaf of each plant was 
recorded by using infrared thermometer (Raytec-PM 
Pluse England) and average was calculated. 


Cob Length (Cm) 

Ten cobs of selected plants per hybrid were harvested 
and their length was measured by a graded scale in 
(centimeters), and then the average was calculated. 


Cob Diameter (mm) 

Ten cobs per hybrid were harvested and then 
diameter was measured by using vernier calipers and 
average was calculated. 


Kernel Rows per cobs 
Ten cobs per hybrid were harvested and their kernel 
rows per cob was counted and the average was calculated. 


Total Biomass of Plant (g) 

Ten plants from each hybrid were selected and their 
total biomass was calculated in (grams) by using digital 
electric balance and their average was calculated. 


Grain yield per plant (g) 

Ten cobs from each of nine hybrids were selected and 
at maturity the cobs were harvested. After that, each cob 
was threshed by hands and the grains weight of per cob 
was calculated in (grams) by using digital electric balance. 
At the end, the average was calculated for the statical 
analysis. 


Harvest Index (“%) 

Harvest index of each hybrid was calculated by using 
the formula (grain yield/total biomassx100) which 
includes the value of total biomass of plant and grains 
yield per plant and the average was calculated. 


Statical Analysis 
The following statical analysis (given below) were 
used to analyze the recorded data. 


Analysis of Variance 

Analysis of Variance was done for all the parameters 
which is given by (Steel et a/., 1997) using Statistix 8.1 
software. 


Mean Matrix 
To determine the most and less responding genotype 
for every characteristic, R software was used. 


RESULTS AND DISCUSSION 


The detailed description of the results acquired and 
the discussion of similarity and differences with the 
findings of the other researchers are given as follows: 


Days taken to 50% Tasseling 

Analysis of variance indicated that there was 
significant difference among the genotypes, treatments 
and their interaction under consideration shown in Table 
1. Among these maize hybrid FH-1046 was the maximum 
mean value and the double haploid maize hybrid DH- 
6DxDH-8B showed minimum value in Table 2. 


Days taken to 50% Silking 

The results of analysis of variance concluded that 
there was significant difference among the genotypes, 
treatments and their interaction under consideration 
shown in Table 1. Double haploid maize hybrids DH- 
6DxDH-8B showed lowest value but the hybrid FH-1046 
showed highest value for days to silking. 


Tasseling to silking Interval 

The results showed analysis of variance have significant 
differences among the treatment, genotypes and their interaction 
under observation shown in Table 1. For tasseling to silking 
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interval FH-1046 maize hybrid was indicated highest value but 
DH-14DxDH-4 double haploid maize hybrid shown lowest 
value (Table 2). 


Plant Height (cm) 

The results showed analysis of variance have 
significant differences among the treatment, genotypes 
and their interaction under examination shown in Table 1. 
For plant height maximum value showed by double 
haploid maize hybrid DH-6DxDH-8B and minimum 
mean value for plant height by DH-1CxDH-54 maize 
hybrid indicated in Table 2. 


Ear Height (cm) 

The results showed analysis of variance have significant 
differences among the treatment, genotypes and their 
interaction under observation shown in Table 1. Ear 
height highest value concluded after mean matrix was 
presented the FH-1046 maize hybrid and lowest mean 
value showed by DH-100LxDH-14C double haploid 
maize hybrid (Table 2). 


Leaf Area (cm2) 

The analysis of variance revealed significant 
differences among the treatment, genotypes and their 
interaction under observation shown in Table 1. The DH 
(double haploid) maize hybrid such as DH-1CxDH-54 
indicated minimum value and DH maize hybrid DH- 
100xDH-1D and FH-1046 showed highest value for leaf 
area under shown in Table 2. 


Leaf Temperature 

The results showed analysis of variance have 
significant differences among the treatment, genotypes 
and their interaction under observation shown in Table 1. 
In leaf temperature the highest mean value showed by 
DH-3BxDH-100G DH maize hybrid and the other side 
DH-100LxDH-14C DH maize hybrid showed lowest 
mean value for leaf temperature in Table 2. 


Cob Length 

The results demonstrated that the analysis of variance was 
significant differences among the treatment, genotypes 
and their interaction under observation shown in Table 1. 
Cob length was shown the maximum mean value for 
maize hybrid FH-1046, DH-3BxDH-100G and it was 
shown minimum value by DH-100xDH-1D DH maize 
hybrid in Table 2. 


Cob Diameter 

The analysis of variance was presented significant 
differences among the treatment, genotypes and their 
interaction under study shown in Table 1. The results of 
mean matrix indicated that DH maize hybrid DH-3BxDH- 
100G was observed maximum value but the DH maize 
hybrid such as DH-6BxDH-100A was concluded the 
minimum mean value for cod diameter shown in Table 2. 


Kernel Rows per cob 

The results showed analysis of variance have 
significant differences among the treatment, genotypes 
and their interaction under observation shown in Table 1. 
The results indicated that the mean value for kernel rows 


per cob was highest by DH-100LxDH-14C maize DH 
hybrid and the lowest mean value showed by DH- 
6BxDH-100A hybrid in a Table 2. 


Total Biomass of plant 

The results showed analysis of variance have 
significant differences among the treatment, genotypes 
and their interaction under observation shown in Table 1. 
Mean matrix evaluated that the DH maize hybrid DH- 
3BxDH-100G, FH-1046 was shown maximum value but 
the maize hybrid DH-1CxDH-54 indicated minimum 
value in a Table 2. 


Grain yield per plant 

The results showed analysis of variance have 
significant differences among the treatment, genotypes 
and their interaction under observation shown in Table 1. 
Grain yield per plant showed the maximum mean value 
for DH-3BxDH-100G and minimum mean value showed 
by DH-6BxDH-100A maize DH hybrid shown in Table 2. 


Harvest Index 

The results showed analysis of variance have 
significant differences among the treatment, genotypes 
and their interaction under examination shown in Table 1. 
The harvest index concluded under mean matrix highest 
value by DH-1CxDH-54 DH maize hybrid and lowest 
mean value for harvest index showed by DH-6BxDH- 
100A double haploid maize hybrid in Table 2. 


Ahmad et al. (2015) conducted an experiment to 
evaluate the maize hybrids with role of potassium 
nutrition in improving productivity under water deficit 
conditions. Maize hybrids such as (NK-8441 and P- 
32B33) were used to check the productivity at stem 
elongation and tasseling stage under 50% field capacity. 
Results showed that both hybrids under water deficit 
condition reduced the yield due to decrease in yield 
related traits. Carrol et al. (2015) conducted a replicated 
study by growing maize genotypes in glasshouse 
conditions under normal and water limited conditions and 
normal and deficit nitrogen levels. Leaf area and 
chlorophyll content was recorded for these stress 
conditions. Canopy temperature was recorded by remote 
sensing. At limited irrigation leaf temperature was 
recorded 31.9 C as compared to 30.0 C under normal 
conditions. Barutcular et al. (2016) noticed that yield 
contributing characters (ear height, number of grains per 
row, biomass yield and harvest index) were influenced by 
water stress and reduced the yield except plant height and 
number of rows/cob). The correlation results indicated 
that during water stressed condition number of rows/cob 
and ear height negatively corelated with grain yield. 

Ali et al. (2016) indicated that variation in F1 hybrids 
for all examined traits and higher the heritability was 


Table 1: ANOVA for all attributes 
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established for shoot length, root length, and fresh shoot 
weight. Khan ef al. (2016) studied that significant 
differences were recorded among seedling trait genotypes 
and variable values of fresh root length, fresh root weight, 
and dry root weight. Al-Naggar et al. (2016) evaluated 
under three water stress treatments by using split plot 
design with two replications. The results showed that 
grain yield of tolerant crosses was higher than sensitive 
crosses 78.8% and 82.52% under water stress at flowering 
and grain filling developmental stages. Beyene ef al. 
(2017) indicated that ANOVA results showed significant 
genotypic and genotype by environment interaction (GET) 
mean square for grain yield, date of anthesis and plant 
height. Gazal et al. (2017) found the sum of inbred lines 
CM-129, KDM-1051, KDM-331, KDM-361A KDM-372, 
KDM-717, KDM-912A, KDM- 402, KDM- 1156, KDM- 
1236, KDM-343A, KDM-918A, KDM-463, KDM-961 
and KDM-932A were drought tolerant under different 
water deficit levels stress. Shah et al. (2008) found that 
traits such as stomatal frequency, stay green, tassel 
blasting and green fodder, yield per plant were presented 
normal probability distribution. But on the other side the 
relative leaf water content, anthesis to silk interval, leaf 
area index, leaf senescence, leaf firing, plant bareness, 
leaf rolling and grain yield per plant are non-normal 
distribution. El-Sabagh ef al. (2018) showed that grain 
weight was severely affected by drought stress and 
negatively corelated with number of rows/cob and 
grains/row. Also, the correlation between grain weight 
and drought tolerant index can be helpful for selecting 
drought tolerant genotypes. Erdal (2018) explained that 
77% and 9% decrease in mean yield due to the water 
stress and rainfed conditions. Sah et al. (2020) observed 
that the water deficit stress effect the pre-flowering, grain 
filling stages and the plant performance due to inexact 
traits function. In maize phenology water deficit stress 
increased the flowering days, days to maturity, anthesis to 
silking interval, decreased in number of leaves , abnormal 
appearance of secondary stress reactive traits, loss of 
normal root system which leads to decrease in grain 
yield. The flowering and grain filling stage were highly 
effected by water deficit condition which leads to 
significant change in yield specifically in non-drought 
lines than drought tolerant lines. The yield obtained was 
fluctuated from 34.28 to 66.15% in (NDT) and 38.48 to 
55.95% in (DT) lines due to water stress. 


Conclusion 

Overall, the best performed double haploid maize 
hybrid was DH-3BxDH-100G and DH-100LxDH-14C as 
compare to commercial maize hybrid FH-1046. These 
hybrids can be released as commercial maize hybrids for 
growing under changing climatic scenario to meet the 
shortage of food in Pakistan. 


DF DT S TSI PH EH LA LT CL CD KRC TBP GYP HI 
Treat 1 1952 111" 265** 573" -936™" —« 1751" 898"" 158" 701-136" 42.2) 61.5 23.1" 
Geno 8 631 = 377" —-8.8™" 70.8" 16.9%" 174" 25.5 9™ 6.76" 3.1" 218" 424 271™ 
Treatx 8 22.6" 248° 60" 249 13.9% 264 143 3.1" 8.4™ 1.8" 47.7" 19.3 19.0"* 
Geno 
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DH-3B x 
DH-100G 


DH-6D x 
DH-8B 


DH-1613 x 
DH-100E 


DH-6B x 
DH-100A 


DH-100 x 
DH-1D 


DH-14D x 
DH-4 


Mean Matrix 
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ABSTRACT 


The Date Palm (Phoenix dactylifera L.) is one of the oldest and best-known cultivated fruit trees. The fruit is 
composed of very nutritive minerals like potassium, calcium, iron, chlorine, phosphorus, and magnesium. The tree can 
withstand relatively harsh climate and soil conditions, which no other crop can match. In Ethiopia, date palm is 
cultivated and/or wildly grown in the Afar, Dire Dawa, Somali, Gambella and Benishangul Gumuz regions. However, 
the yields of local cultivars are too low to meet the sharply increasing demand. Thus, research has been conducted to 
evaluate and register the best-performing, desirable yield and quality of introduced improved varieties. Fourteen (14) 
tissue-cultured introduced materials from England and Israel were planted at 10m x 10m spacing between rows and 
plants over three locations, viz., Werer Agricultural Research Center (WARC), Assiyta, and Afambo districts. Two 
varieties (Barhee and Medjool), early fruiting types, were individually evaluated out of 12 varieties on the basis of 
fruit yield for two years at WARC, while vegetative parameters were taken from the other locations. The study 
revealed that Barhee and Medjool were superior to the remaining date palm varieties. The annual yield advantage of 
Barhee (68.39 kg tree-') over Medjool (50.87 kg tree-') was 34.44%. The high offshoot production potential of Barhee 
and Medjool varieties could reduce the purchase of imported tissue-cultured date palms by the country as well as 
individuals. In conclusion, the newly released varieties Barhee and Medjool could be cultivated profitably and 
sustainably for commercial cultivation in the low land areas of the Afar regional state and other similar agro-ecology, 


and could also increase the income of smallholder farmers and agro-pastoralists. 


Key words: Date Palm, Clusters, Fao, Fruits/Cluster, Barhee, Medjool, Bunches 


INTRODUCTION 


The date palm is the oldest cultivated fruit tree known 
to have a close relationship with the world's major 
religions (FAO, 2002). Date palms are essentially 
produced in the hot arid regions of South-West Asia and 
North Africa area. The most important producers of date 
palm fruit include Egypt, Iran, Saudi Arabia, Pakistan, 
Iraq, Algeria, UAE, Oman, Sudan, Libya, Tunisia, 
Morocco, Mauritania, and the USA (Al-Khayri, 2005). 
World production is about 8.17 million metric tons 
(FAOSTAT, 2017a). The date palm produces fruit (dates) 
that may be dry, semi-dry, or soft in texture. The fruit is 
composed of more than 65% sugar (candy-like) with 
several minerals including potassium, calcium, iron, 
chlorine, phosphorus and magnesium (FAO, 1999). The 
date palm can withstand relatively harsh climate and soil 
conditions that no other crop can. 


The date palm is well known as a cultivated and/or 
wild-grown crop in the Afar, Dire Dawa, Somali, 
Gambella, and Benishangul Gumuz regions of Ethiopia. 
However, the Afar region is by far the most important 
one in date palm cultivation (FAO, 2008). A number of 
date trees are grown in the Afar region following the 
Awash River banks, where a high concentration is found 
in the lower Awash area. Residents of the Afar 
communities produce date palms as a major food and 
cash crop, exclusively depending on local cultivars. This 
helps them to settle and live permanently in one area 
rather than moving in search of grass and water 
(personal communication). Informal surveys conducted 
in the Afar region so far have shown that the 
productivity of the local cultivars is very low as 
compared to the standard cultivars known in the world. 
Some local date palm cultivars in Ethiopia yield 15 to 20 
kg plant-1 annually (Aziz, 2008), with a selling price of 
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15-16 Birr per kg (personal communication). This shows 
that the production of date in the country can save foreign 
exchange and could help the growers to generate income. 

Date fruit demand is steadily increasing in 
international markets (FAO, 2002), and the same is true in 
domestic markets, as evidenced by the amount of fruit 
imported in recent years (FAO, 2002). In the local market, 
demand reaches its maximum price during the months of 
Ramadan, the major fasting season for Muslims. 
Currently, date fruit production in the country is limited 
and is not satisfying the demand. As a result, the country 
imports a substantial amount of date fruit from abroad. 
For example, Ethiopia imported 2011 Mt of date in 2013 
(FAOSTATb, 2017). Regardless of the suitable climatic 
conditions for the profitable production of date palms in 
the country, the contribution of the crop to the national 
economy is almost nil. The attempts so far made by Werer 
Agricultural Research Center (WARC) include the 
collection of the available date palm cultivars from the 
Afar region and eastern parts of Ethiopia and the 
introduction of a few exotic date palm varieties. However, 
the attempt to introduce commercial exotic cultivars has 
been a futile exercise as it was found costly. 

The Ethiopian people are becoming aware of the 
benefits of this blessed fruit, especially during fasting. As 
a result, they are exerting sensible pressure on researchers 
and policymakers to obtain improved technologies for 
extending their production to have sufficient date fruits 
for the growing local and international markets. Hence, 
WARC, with FAO (Food and Agricultural Organization) 
collaboration, introduced improved tissue-cultured date 
palm varieties from Israel and England. Therefore, 
research has been conducted on introduced improved 
varieties with the main objective of evaluating and 
registering the best performing variety with desirable 
yield and quality. 


MATERIALS AND METHODS 


Description of the Study Area 

The experiment was conducted at Werer Agricultural 
Research Center at the horticultural experimental site and 
at Assayta and Afambo districts on agro-pastoral farms. 
The experimental locations were characterized by very 
long hot and dry seasons with erratic rainfall; on a rise 
overlooking a stretch of the Awash River, palms and 
cultivation. 

The Werer Agricultural Research Center is located in 
the Afar National Regional State, Zone-3, Amibara 
district, Werer town, which is 280 km northeast of Addis 
Ababa. It is located at 90 60’ N latitude and 400 9’ E 
longitude with an altitude of 740 meters above sea level 
(m.a.s.1.). Light-textured alluvial and black soils with a pH 
of 8.4 are the dominant soil types of the experimental site 
(WARC, 2007). In the surface soil (0-30 cm), soil organic 
matter ranges from 0.46 to 2.08%. The cation exchange 
capacity (CEC) also varies from 15-50 mg/100 g of soil. 
The exchangeable Na value is higher than both the Mg 
and K contents of the soil. The mean annual temperature 
is 34 °C, while the mean annual rainfall and 
evapotranspiration are 560 and 2600 mm, respectively. 

The Assayta district the distance between the Assayta 
district and Ethiopia's capital city of Addis Ababa is 
roughly 660.9 kilometers. The activity took place in a 
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single agro-pastoral field under the supervision of Afar 
Pastoral Agricultural and Development Beuro. The site 
has an altitude range of 400-420 m and is situated 
between latitude 11° 34' 0.00" North and longitude 41° 25' 
60.00" East. Vertisols, sandy soils, and deposits of silt and 
fine sand particles that occur in the plain, flat areas where 
farming is performed are the predominant soil types in 
these regions. Assayta's climate is generally classified as 
dry, with some semi-arid agro-ecological zones where 
cattle rearing serves as the community's primary source of 
income. The area's temperature hovers around 32 ° c. on 
average, however from May to September, when it's hot, 
it can reach 42 ° c With an average annual rainfall of 200 
to 250 mm, the rainfall is bimodal with an erratic 
distribution, with the long rainy season occurring between 
mid-June and mid-September, and the short rainy season 
occurring between March and April (Afar Pastoral 
Agricultural and Development Beuro, 2006). 

The Afambo district Ethiopia's capital city, Addis 
Ababa, is roughly 675.3 km far from the Afambo district. 
A group of agro-pastoralists managed the research while it 
was conducted on the agro-pastoral field. The 
experimental area is located at an altitude of 342 meters 
above sea level, between latitude 11° 28' 37.3" North and 
longitude 41° 41' 02.5" East. Black, sandy, vertisols, and 
deposits of silt and fine sand particles that follow in the 
plain, flat areas where farming is performed are the major 
soil types in these areas (Afar Pastoral Agricultural and 
Development Beuro, 2006). In terms of climate, Afambo 
is an arid agroecological region where cattle farming 
provide the majority of the community's income. The 
region's typical annual rainfall ranges from 110 to 200 
millimeters, with the long rainy season running from mid- 
June to mid-September and the short rainy season lasting 
from March to April. The average temperature in the area 
is around 38°C (Afar Pastoral Agricultural and 
Development Beuro, 2006). 


Field Experiment 

In 2009, WARC and FAO introduced fourteen (14) 
tissue-cultured commercialized date palm varieties from 
England and Israel. The recently introduced materials 
were established in the Afar region at three different 
locations WARC, Assiyta, and Afambo. Out of the 12 
varieties, two (Barhee and Medjool) were early fruiting 
types and each was assessed separately. Ten meters were 
left between plant rows and the trees when they planted. 
The field's soil type was verti soil, and other agronomic 
management techniques were uniformly applied. The field 
was irrigated with furrow irrigation at intervals of fifteen 
days. The Werer Research Center evaluated the varieties’ 
cumulative fruit yields over two successive cropping 
seasons in addition their vegetative performance in 
Afambo and Assayta. Following harvest, the quantity of 
fruits per cluster and bunch as well as the weight of fruits 
per bunch were determined in the lab. 


Statistical Analysis 

Using SAS software, version 9.0, the independent 
two-sample t-test and correlation analysis were carried out 
(SAS Institute Inc., 2002). In order to determine whether 
there was a statistically significant difference between the 
two varieties at the 95% confidence level, the averages of 
two samples were compared. 
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Fig. 1: Location map of the study area. 
RESULTS and DISCUSSION 


Yield performance of registered varieties Barhee and 
Medjool 

The performance of the average fruit yield and yield- 
related traits of the Barhee variety was compared to the 
performance of the Medjool variety based on the sample 
size of each variety being N=26 (Table 1). An 
independent samples T-test for average number of 
bunches per plant, clusters per bunch and date fruits per 
cluster revealed that the Barhee variety had a significantly 
higher average number of bunches per plant (M=18.42, 
SD=7.03) than the variety Medjool (M=13.77, SD=2.64), 
(t (31.90)=3.16, P<0.0001). Similarly, variety Barhee had 
a significantly higher average number of clusters per 
bunch (M=1680.58, SD=706.83) than variety Medjool 
(M=704.19, SD=2.64), (t (35.20)=6.40, P<0.0001). 

Contrarily, variety Barhee had a significantly lower 
average number of date fruits per cluster (M=8.81, 
SD=3.47) than variety Medjool (M=12.33, SD=7.75), (t 
(34.60)=-2.11, P<0 .04). An independent samples T-test 
for average fruit yield per plant, bunch and cluster 
revealed that the Barhee variety had a significantly higher 
average fruit yield per plant (M=68.39, SD=13.52) than 
the variety Medjool (M=50.87, SD=9.23), (t (26.80)=2.83, 
P<0.01). Similarly, variety Barhee had a significantly 
higher average date fruit yield per bunch (M=7.66, 
SD=4.75) than variety Medjool (M=5.16, SD=1.59), (t 
(30.50)=2.54, P<0.02). Inversely, variety Barhee had a 
significantly lower average fruit yield per cluster 
(M=107.74, SD=42.61) than variety Medjool (M=298.54, 
SD=207.63), (t (27.10)=-4.59, P<0.0001). 

In general, variety Barhee had an advantage in 
average fruit yield per bunch and plant over variety 
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Medjool by 976.36 and 17.52 kg, respectively. Inversely, 
variety Medjool had an advantage in average fruit number 
and yield per cluster over variety Barhee by 3.52 and 
190.80 g, respectively. This indicates that the Medjool 
variety fruits per cluster are thicker and denser than 
Barhee, due to genetic variation existing among them. It 
was also reported by Omar and El]-Abd (2014) that genetic 
makeup finally affects fruit holding after fertilization, in 
addition to pollen viability and germination percentage. 
However, the yield of the Medjool variety was inferior 
due to the fact that Barhee had a high number of bunches 
per plant and clusters per bunch of 4.65 and 976.39, 
respectively. 


Yield performance of variety Barhee in 2013/14 and 
2014/15 cropping season 

The performance of the Barhee variety in 2013/14 
was compared to the performance of the 2014/15 cropping 
season based on a sample size of N=29 and N=26, 
respectively (Table 2). An independent samples T-test for 
average number of bunches per plant, clusters per bunch, 
and fruits per cluster revealed that the Barhee variety 
produced significantly more bunches per plant (M=18.42, 
SD=7.03) and clusters per bunch (M=1680.58, 
SD=706.83) in 2014/15 than in the previous cropping 
season (M=3.83, SD=3.49), (t (35.70)=-9.59, P<0.0001) 
and (M=64.20, SD=17.79), (t (25.00)=-11.66, P<0.0001), 
respectively. 

Similarly, the Barhee variety produced significantly 
more average fruit yield per plant in 2014/15 (M=158.79, 
SD=153.52) than in 2013/14 (M=32.57, SD=32.17), (t 
(27.00)=-4.11, P<0.0003). In contrast, the average fruit 
number and yield per cluster were significantly higher in 
the 2013/14 cropping season (M=16.68, SD=3.80) and 
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Table 1: Average fruit yield and yield related traits of Barhee and Medjool date palm varieties average over 26 samples at WARC in 


2013/14 and 2014/15 cropping seasons 


Variety Statics Pargmevers 
ANBPP. ANCPB ANFPC AFYPP AFYPB AFYPC 
Barhee Mean 18.42a 1680.58 a 8.81 b 68.39 a 7.66 a 107.74 b 
Minimum 11.00 1064.00 3.60 29.40 2.10 41.30 
Maximum 41.00 4634.00 15.00 705.20 18.00 200.70 
STD 7.03 706.83 3.47 13.52 4.75 42.61 
SE 1.38 138.62 0.68 30.11 0.93 8.36 
Medjool Mean 13.77 b 704.19 b 12.33 a 50.87 b 5.16b 298.54 a 
Minimum 10.00 138.00 5.00 22.40 1.60 56.00 
Maximum 18.00 1305.00 34.00 126.00 8.30 661.00 
STD 2.64 326.30 7.75 9.23 1.59 207.63 
SE 0.52 63.99 1.52 5.73 0.31 40.72 
Diff (1-2) Mean 4.65 ** 976.39 ** -3.52 * 17:52:** 2.50 * -190.80 ** 
STD 5.31 550.49 6.01 110.51 3.54 149.87 
SE 1.47 152.68 1.67 30.65 0.98 41.57 
Method UNEQ UNEQ UNEQ UNEQ UNEQ UNEQ 
DF 31.90 35.20 34.60 26.80 30.50 27.10 
t Value 3.16 6.40 -2.11 2.83 2.54 -4.59 
P-Value 0.0001 <.0001 0.04 0.01 0.02 <.0001 


Means followed by different letter within the same column are significantly different at 95% confidence interval, ANBPP=average 
number of bunch plant -!, ANCPB=average number of cluster bunch “!, ANFPC=average number of fruit cluster “!, AFYPP=average 
fruit yield plant “'(kg plant -!), AFYPB=average fruit yield bunch *! (kg bunch “') and AFYPC=average fruit yield cluster “!(g cluster ~!) 


Table 2: Average fruit yield and yield related traits of Barhee variety in 2013/14 and 2014/15 cropping season at WARC 


Year Statics Paramcters 
ANBPP ANCPB ANFPC AFYPP AFYPB AFYPC 
2013/14 Mean 3.83 b 64.20 b 16.68 a 32.57b 8.28 148.54 a 
Minimum 1.00 28.00 9.00 3.00 3.00 77.07 
Maximum 12.00 120.00 25.00 132.00 18.00 206.00 
STD 3.49 17.79 3.80 32.17 2.90 32.44 
SE 0.65 3.30 0.71 5.97 0.54 6.02 
2014/15 Mean 18.42a 1680.58 a 8.81 b 158.79 a 7.66 107.74 b 
Minimum 11.00 1064.00 3.60 29.40 2.10 41.30 
Maximum 41.00 4634.00 15.00 705.20 18.00 200.70 
STD 7.03 706.83 3.47 153.52 4.75 42.61 
SE 1.38 138.62 0.68 30.11 0.93 8.36 
Diff (1-2) Mean -14.60 ** -1616.00 ** 7.87 ** -126.20 ** 0.63 40.80 ** 
STD 5.45 485.63 3.65 108.00 3.88 37.58 
SE 1.47 131.16 0.99 29.17 1.05 10.15 
Method UNEQ UNEQ E-VAR UNEQ E-VAR 
DF 35.70 25.00 53.00 27.00 40.50 53.00 
t Value -9.59 -11.66 7.99 -4.11 4.02 
P-Value <.0001 <.0001 <.0001 0.0003 NS 0.0002 


Means followed by different letter within the same column are significantly different at 95% confidence interval, ANBPP=average 
number of bunch plant -!, ANCPB=average number of cluster bunch “!, ANFPC=average number of fruit cluster “!, AFYPP=average 
fruit yield plant “'(kg plant -!), AFYPB=average fruit yield bunch *! (kg bunch *') and AFYPC=average fruit yield cluster “!(g cluster ~!) 


(M=148.54, SD=32.44) than in the 2014/15 cropping 
season (t (53.00)=7.99, P<0.0001 and (t (53.00)=4.02, 
p=0.0002), respectively). Both test methods indicated that 
there was a lack of evidence for a significant difference in 
variety Barhee between the two cropping seasons for 
average fruit yield per bunch (t (53)= 0.60 and p=0.5533 
for the pooled test and t (40.5)=0.58 and p=0.5640 for the 
Satterthwaite test). 

Generally, Barhee had a higher average number of 
bunches per plant (18.42), an average number of clusters 
per bunch (1680.58), and an average fruit yield per plant 
(158.79 kg) in 2014/15 than in the 2013/14 cropping 
season. This might be due to the increment in the age of 
the tree; an increase in bunches to certain limits of age 
will increase yield and yield components. A study by 
Baloch et al. (2014) under different categories by farm 
size and the age of the tree in Pakistan indicated that an 
increase in age increases fruit yield in date palm, where a 
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higher yield per tree was observed in the range of 10-20 
years of age. Inversely, Barhee had a lower average 
number of fruits per cluster (8.81) and an average fruit 
yield per cluster (107.74 g) in 2014/15 than in the 2013/14 
cropping season. This demonstrated that when a bunch's 
weight climbed over the date palm tree, the fruit-filling 
capacity of the tree declined. The average fruit per cluster 
decreased as a consequence of some fruit being aborted 
from the cluster. The increase in crop load led to a lower 
mean fruit weight and a higher proportion of smaller fruit, 
as according results from many authors (Forshey and 
Elfving, 1977; Palmer et al., 1997; Wiinsche et al., 2000, 
2005; Wright et al., 2006; Embree et al., 2007). 

In the situation of Barhee, which was examined over 
a two-year period, it was observed that while the average 
number of bunches per plant and the average number of 
clusters per bunch increased over succeeding years, the 
average fruit yield per plant actually declined. This is in 
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Table 3: Average fruit yield and yield related traits of Medjool variety in 2013/14 and 2014/15 cropping season at WARC 


Year Statics Eatametets 
ANBPP ANCPB ANFPC AFYPP AFYPB AFYPC 
2013/14 Mean 7.76 b 81.02 b 9.05 88.17 25.44 104.86 b 
Minimum 1.00 24.25 1.60 2.00 1.00 26.90 
Maximum 25.00 189.33 32.00 502.00 502.00 272.10 
STD 5.40 38.81 6.26 106.14 91.80 55.86 
SE 1.00 7.21 1.16 19.71 17.05 10.37 
2014/15 Mean 13.77 a 704.19 a 12.33 72.16 5.16 298.54 a 
Minimum 10.00 138.00 5.00 22.40 1.60 56.00 
Maximum 18.00 1305.00 34.00 126.00 8.30 661.00 
STD 13.77 326.30 7.75 29.23 1.59 207.63 
SE 0.52 63.99 1.52 5.73 0.31 40.72 
Diff (1-2) Mean -6.01 ** -623.20 ** -3.28 16.02 20.27 -193.70 ** 
STD 4.33 225.87 7.00 79.72 66.73 148.27 
SE 1.17 61.00 1.89 21.53 18.02 40.04 
Method UNEQ UNEQ E-VAR UNEQ UNEQ UNEQ 
DF 41.60 25.60 53.00 32.70 28.00 28.20 
t Value -5.32 -9.68 0.74 0.78 1.19 -4.61 
P-Value <.0001 <.0001 0.09 0.44 0.24 <.0001 


Means followed by different letter within the same column are significantly different at 95% confidence interval, ANBPP=average 
number of bunch plant -!, ANCPB=average number of cluster bunch “!, ANFPC=average number of fruit cluster “!, AFYPP=average 
fruit yield plant “(kg plant -!), AFYPB=average fruit yield bunch *! (kg bunch *') and AFYPC=average fruit yield cluster “!(g cluster ~!) 


Table 4: Fruit quality traits of Barhee and Medjool date palm varieties average over 30 sample at WARC in 2013/14 and 2014/15 


cropping seasons 


Variety Statics Pets 
DL DWI DWE SL SWI SWE PT PWE TSS 
Barhee N 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 
Minimum 2.55 0.85 2.10 0.90 0.30 0.60 0.20 1.20 46.00 
Maximum 3.00 1.35 4.20 2.05 0.70 1.20 3.15 3.20 49.00 
Mean 2.80 b l.i2a 2.95 a 1.74 0.43 0.81 0.65 a 2.11a 47.78 
STD 0.13 0.14 0.55 0.23 0.10 0.13 0.57 0.53 0.98 
LCL Mean 2.75 1.07 2.75 1.65 0.39 0.76 0.44 1.91 47.42 
UCL Mean 2.84 1.17 3.16 1.82 0.46 0.86 0.86 2.30 48.15 
SE 0.02 0.02 0.10 0.04 0.02 0.02 0.10 0.10 0.18 
Medjool N 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 
Minimum 2.67 0.88 2.22 1.38 0.35 0.60 0.35 1.35 45.00 
Maximum 3.07 1.20 3.20 2.02 0.63 0.95 0.60 2.45 49.00 
Mean 2.89 a 1.02 b 2.67b 1.78 0.46 0.79 0.44 b 1.86 b 47.33 
STD 0.11 0.07 0.24 0.13 0.06 0.08 0.07 0.24 1.06 
LCL Mean 2.85 1.00 2.58 1.73 0.44 0.76 0.41 1.77 46.94 
UCL Mean 2.93 1.05 2.77 1.83 0.48 0.82 0.46 1.95 47.73 
SE 0.02 0.01 0.04 0.02 0.01 0.02 0.01 0.04 0.19 
Diff (1-2) Mean -0.09** 0.10** 0.28* -0.05 -0.04 0.02 0.21* 0.24* 0.45 
STD 0.12 0.11 0.43 0.19 0.08 0.11 0.41 0.42 1.02 
SE 0.03 0.03 0.11 0.05 0.02 0.03 0.10 0.11 0.26 
Method E-VAR UN-EQ UN-EQ UN-EQ UN-EQ UN-EQ UN-EQ  UN-EQ_- E-VAR 
DF 58.00 43.90 39.90 46.90 49.70 49.00 29.80 40.60 58.00 
t-value -3.03 3.48 2.54 -0.96 -1.64 0.75 2.01 2.26 1.71 
P-Value 0.00 0.00 0.02 0.34 0.11 0.46 0.05 0.03 0.09 


Means followed by different letter within the same column are significantly different at 95% confidence interval, DL= date length 
(mm), DWI= date width (mm), DWE= date weight (g), SL= seed length (mm), SWI= seed width (mm), SWE= seed weight (g), PT= 
pulp thickness (mm), PWE= pulp weight (g) and TSS= total soluble solid (°Brix) 


Table 5: Comparison of vegetative characters of registered 
varieties of date palm (2013/15) 
Harvest period 


Variety Start End Fruit type Fruit color 
Barhee July August Soft Yellow 
Medjool June July Soft Yellow 


line with a study by Philippe et al. (2005) that showed that 
when the number of fruits on a plant rose, the average 
growth rate of each fruit decreased. The length and 
circumference of the harvested fruits decreased with a rise 
in fruit number, while the ratio of length to circumference 
decreased (Marcelis, 1994). 
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Yield performance of variety Medjool in 2013/14 and 
2014/15 cropping season 

The performance of the variety Medjool in 2013/14 
was compared to the performance of the 2014/15 cropping 
season based on a sample size of N=29 and N=26, 
respectively (Table 3). An independent samples T-test for 
average number of bunches per plant and clusters per 
bunch revealed that the variety Medjool had significantly 
higher average number of bunches per plant (M=13.77, 
SD=13.77), average number of clusters per bunch 
(M=704.19, SD=326.30) and average fruit yield per 
cluster (M=298.54, SD=207.63) in 2014/15 than in 2013/14 
(M=7.76, SD=5.40), (t (41.60) =-5.32, P<0.0001), 


(M=81.02, SD=38.81), (t (25.60) =-9.68, P<0.0001) and 
(M=104.86, SD=55.86), (t (28.20) =-4.61, P<0.0001), 
respectively. 

Both test methods indicated that there was a lack of 
evidence for a significant difference in variety Medjool 
between the two cropping seasons for average number of 
fruits per cluster (t (53)= -1.73 and p=0.0889 for the 
pooled test and t (48.1) =-1.71 and p=0.0932 for the 
Satterthwaite test) and average fruit yield per plant (t 
(53)= 0.74 and p=0.4602 for the pooled test and t 
(32.7)=0.78 and p=0.4408 for the Satterthwaite test) and 
average fruit yield per bunch (t (53)= 1.12 and p=0.2657 
for the pooled test and t (28)=1.19 and p=0.2444 for the 
Satterthwaite test).The average number of bunches per 
plant (13.77), the 
average number of clusters per bunch (704.19), and 
average fruit yield per cluster (298.54 kg) of Medjool 
were higher in 2014/15 than in the 2013/14 cropping 
season. This showed a similar trend as the Barhee variety 
performed, where increases in yield and yield components 
showed an increase in a year. However, as compared with 
the Barhee variety, which showed an increment in yield 
from 32.57 kg/tree to 158.79 kg/tree in the respective 
years of 2013/14 to 2014/15, the Medjool variety showed 
insignificant differences over years. This indicates that the 
Medjool variety is less sensitive to alternate bearing than 
the Barhee even though they receive similar agronomic 
management. In line with the current findings, Jonkers, H. 
(1979) and Batjar, L.P., and Westwood, M.N. (1958) 
reported that alternate bearing is exaggerated by several 
factors, including genetic factors, abiotic and biotic 
influences, and poor culture methods during the "on" year. 


Quality traits of the two registered varieties Barhee 
and Medjool 

The performance of the fruit quality traits of the 
Barhee variety was compared to that of the Medjool 
variety using a sample size of N=30 for each variety 
(Table 4). An independent samples T-test for date width, 
weight, pulp thickness, and seed weight revealed that 
Barhee had significantly higher date width (M=2.80, 
SD=0.14) than variety Medjool (M=1.02, SD=0.07), (t 


Table 6: Pearsons’ Correlation of yield with yield related traits 
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(43.90)=3.48, p 0.001), date weight (M=2.95, SD=0.55) 
than variety Medjool (M=2.67, SD=0.07), (t (29.80)=2.01, 
p =0.05) and pulp weight (M=2.11, SD=0.53) than variety 
Medjool (M=1.86, SD=0.24), (t (40.60)=2.26, P<0.03). 
Barhee, on the other hand, had a significantly shorter 
average date length (M=2.80, SD=0.13) than Medjool 
(M=2.89, SD=0.11), (t (58.00) =-3.03, p 0.001). 

Overall, compared to the variety Medjool, Barhee had 
increased date width, date weight, pulp thickness, and 
weight by 9.8%, 10.49%, 47.73%, and 13.44%, 
respectively. In contrast, Medjool had an average date 
length that was 38.94% longer than Variety Barhee's. 
Similar to this, Zaid et al. (2002) noted that dates vary 
widely in terms of length (18 to 110 mm), weight (2-60 
g), color (yellow to black), taste, and seed (also known as 
the pit, stone, or kernel), which is_hard-coated, 
rectangular, and weighs 0.5 to 4 grams. 


Vegetative performance of Barhee and Medjool varieties 
Mean values of morphological characters of the two 
evaluated varieties are shown in Figure 2. The data shows 
large variability between the two evaluated varieties 
(Barhee and Medjool) and over the two production years. 
These types of vegetative tools (morphology) are so 
important in the genotype development process and are 
critical in date palm cultivar selection and adaptation 
(Hamza et al. 2009, Barrow, 1998, IPGRI, 2005). The 
vegetative stage of any plant realizes the development of 
additional leaves while encouraging a gradual but clear 
increase in the plant’s height. Accordingly, variety Berhee 
showed an increment in plant height, canopy spread and 
leaf number of 14.95%, 18.67%, and 7.11%, respectively, 
over the two successive cropping years. 

Similarly, the variety Medjool showed an increment 
in plant height, canopy spread, and leaf number of 
16.13%, 14.29%, and 6.75%, respectively, over the two 
successive cropping years. These vegetative characteristics 
can be used as a gauge to determine the differences 
between the various date palm kinds (Djerouni et al. 
2015). This study agreed with Haider et al. (2015), who 
determined that the pinna number, length, width, and leaf 
palm length are characteristics that help to differentiate 


ANCPB ANFPC AFYPP AFYPB AWFPC DL DWI DWE SL SWI SWE PT  PWE_iTSS 
ANBPP  0.42** — -0.03 —-0.87** =0.59** = -0.10 = 0.02. -0.47** 0.38** -0.12 -0.07 0.11 0.29% 0.44** 0.24 
ANCPB 1.00 -0.26 0.51** 0.54**  -0.44** -0.23 0.23 0.20 -0.09 -0.25 -0.01 0.14 0.19 0.02 
ANFPC 1.00 -0.08 -0.13 0.24 0.23 -0.26 -0.06 -0.08 0.04 -010 0.08 0.01 -0.06 
AFYPP 1.00 0.86** -0.16 0.10 0.39** 0.35** 0.04 -0.15 0.17 0.14 0.35** 0.25 
AFYPB 1.00 -0.22 0.06 0.23 0.20 O13 -0.10 0.24 0.10 0.18 0.21 
AWFPC 100 0.25 -0.22 -0.08 -0.07 0.16 -0.04 -0.12 0.01 0.05 
DL 1.00 0.15 0.29* 0.49** 0.03 0.17. 0.03 0.12 0.02 
DWI 1.00 0.68** -0.03 0.09 -0.04 0.28 0.66** 0.14 
DWE 1.00 0.19 -0.14 0.10 0.36** 0.88** 0.25 
SL 1.00 -0.01 0.41** -0.11 -0.18 -0.01 
SWI 1.00 -0.01 -0.01 -0.07 -0.20 
SWE 100 0.07 -0.18 0.16 
Pa 1.00 0.45** 0.09 
PWE 1.00 0.21 


*and **=indicate significant and highly significant difference at P<0.05 and 0.01, respectively, ANBPP=average number of bunch 
plant -!, ANCPB=average number of cluster bunch “!, ANFPC=average number of fruit cluster -', AFYPP=average fruit yield plant “', 
AFYPB=average fruit yield bunch -!, AFYPC=average fruit yield cluster -', DL= date length (mm), DWI= date width (mm), DWE= 
date weight (g), SL= seed length (mm), SWI= seed width (mm), SWE= seed weight (g), PT= pulp thickness (mm), PWE= pulp weight 


(g) and TSS= total soluble solid (°Brix). 
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among the types of date palm in their study on the sixteen 
Pakistani date palm varieties from various origins in terms 
of vegetative features. The vegetative traits including 
thorn length, length of thorn area, and leaf palm length are 
appropriate traits that demonstrate the similarities and 
variations among the female palms, according to Hamadi 
et al. (2009) in their study of various Tunisian date palm 
varieties. 

Harvesting and time of fruit set in date palms are 
important factors in determining the commercial 
production of date fruits. Accordingly, there were two 
harvesting times in date palm varieties, based on early and 
late maturity. Variety Menjool (June to July) was 
harvested one month earlier than Berhee (July to August) 
and remained un-harvested for two years (Table 5). Early 
season production and a longer harvesting period are 
crucial for obtaining the greatest market pricing, 
particularly when dates are in short supply. Zaid and 
Arias-Jimenez (2002) and Muralidharan et al. (2008) have 
published findings that are consistent with the available 
evidence. 

Additional characterizations were also detected based 
on qualitative criteria such as fruit type and color. Both 
varieties' topicalities were also detected based on 
qualitative criteria such as fruit type and color. Both 
varieties showed a soft fruiting type and a yellow fruit 
color. The present investigation confirmed that there are 
variances in the physical properties of the fruits, in 
contrast to Mohamed Lemine ef al., 2014, which 
examined 28 Mauritanian date palm varieties. 


Correlation of yield and yield related traits 

Table 5 shows the results of a simple correlation 
among average fruit yield per plant, average fruit yield per 
bunch, date width, date weight, and pulp weight in date 
palm varieties. The average fruit yield per plant 
(r=0.36**), date width (r=0.39**), date weight (r=35**), 
and pulp weight (r=0.35**) were all positively and 
significantly correlated. The current study was supported 
by the findings of Bashir et al., (2014) who observed that 
the fruit weight was positively correlated with the fruit 
dimension (length x diameter). 


The average number of clusters per bunch was 
significantly and adversely linked with the average weight 
of fruit per cluster. This demonstrates that when the 
number of clusters per bunch rises, the photoassimilation 
translocation among the fruits per cluster may be 
constrained, resulting in a drop in the weight of the 
average fruit per cluster. Bashir et al. (2014) found that 
for all levels of strand thinning of fruit, the fruit weight 
was inversely connected with the quantity of fruits 
produced per plant. 


Variety maintenance and dissemination 

WARC's horticultural field is home to trees and 
offshoots of the Barhee and Medjool varieties. Planting 
material multiplication of the varieties is underway 
through their off-shoot multiplication. The propagation is 
still done in the traditional way by offshoots, which are 
produced in the leaf axils and usually appear at or under 
the ground level surrounding the stem base However, the 
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Fig. 2: Vegetative performance of the registered variety (Barhee 
and Medjool) over two successive production years. 


old-style method of vegetative propagation through 
offshoot has its own restrictions. Offshoots are produced 
in an inadequate quantity for a certain age in the lifetime 
of a young palm tree. Offshoots depend on the genetic 
makeup of the cultivar and environmental factors. The 
amount of offshoots produced by a single date palm tree is 
highly variable and varies from one cultivar to another. It 
is slow in survival, laborious, time-consuming, and 
expensive. Transmission of disease-causing pathogens 
and insects is factor discouraging offshoot propagation. 
Therefore, modern propagation methods of date palms 
through tissue culture should be started in the country, 
especially for potential local genotypes that have limited 
offshoot numbers and registered varieties to disseminate 
among end users. 


Summary and Conclusions 
The findings of this study demonstrated that, in terms 
of average fruit weight and offshoot production capacity, 


the registered varieties Barhee and Medjool are superior 
to the other date palm types. Additionally, study revealed 
that when compared to other date palm varieties, the 
Barhee and Medjool varieties have better fruit weight per 
bunch and average pulp weight. In conclusion, while the 
ministry of agriculture plays a significant role in 
multiplying planting materials by tissue culture, the newly 
registered varieties Barhee and Medjool could be grown 
profitably and sustainably for commercial cultivation in 
the low land areas of the Afar regional state and other 
similar agro-ecologies. This could also increase the 
income of smallholder farmers and agro-pastoralists. 
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